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1.0 Introduction

This is the final report of a three-year research program entitled “Tri-Level Study of the
Causes of Traffic Accidents,” performsd by the Institute for Research in Public Safety (IRPS)
of the Indiana University' School of Public and Environmental Affairs. The study was
performed for the National Highway Traffic Safety Administration (NHTSA), U.S.
Department of Transportation, under Contract No. DOT-HS-034-3-535. The period of
performance was from 15 August 1972 to 30 September 1975,! which coincides with IRPS data
collection Phases III, IV, and V. Phase 11 data, acquired under a previous NHTSA contract
(1),2 are also reported. Phase I data appear in a previous report (1).

‘1.1 Research Objectives

The study was conducted to satisfy a broad range of NHTSA’s needs for up-to-date data
regarding traffic accident causation. The basic research question was “what causes traffic
accidents?,” and all potentially causative factors — human, vehicular, and environmental —
were of interest. Accomplishment of this overall objective involved several specific objectives,
including the following: »

1. Identify those factors which are present and serve to initiate or influence the sequence of
events resulting in a motor vehicle accident (Vol. I).

2. Determine the relative frequency of these factors and their causal contribution within a
defined accident and driving population (Vol. I).

3. Assess the error/accideni relationship as a function Qf driver age, driving knowledge,
vision, driving experience, and vehicle familiarity (Vol. II).

4. Apply taxonomy development and group-identification concepts to the identification and
definition of problem driver types, and from this to formulate recommendations for
dealing with particular classes of drivers (particular attention was to be given to the
alcohol-impaired driver, in order to identify the types of driving-performance mistakes
made by particular types of alcohol-impaired drivers under particular types of conditions).
(Vol. II).

5. Assess the potential benefit of radar and anti-lock braking systems in reducing the
incidence and severity of automobile accidents (See Interim Report II, Vol. II).

6. Develop new methodologies for assessing the role of human factors in accident causation.
(Vol. I0).

! Later extended to June, 1977 for supplemental analysis tasks, to be. separately reported.
2 Numbers in parentheses refer to references which are listed near .the end of this volume.
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1.2 Report'Stnicture“ S T R O P L i

This final report is comprised of two volumes. Volume I reports causal factor tabulations
-and-assessments, while Volume II reports:several-Special analyses based on: project data.
Several earlier” (interim) reports -of th1s three-year study have been: pubhshed, in

chronologlcal order, these include: - R e
. Tn Level Study ofthe Causes of Tmffc Acctdents Imenm Report[ Vols T
__[ & II '

- .Prepared under Contract No DOT HS-034 3 535 August 1973 DOT -
‘Report Nos. HS-801-334 and HS-801-335, This was a final report. of the
first year of. activity under the present three-year program. It provided
causal factor tabulations for Phase IIl, as well as cumulative results for
- Phases -II_and III.. Volume I-included methodology, -conclusions, and
recommendations sections; causal result: tabulations; comparisons of
" Phase II and III results; assessments of accident severity as a function of
. cdusal factor; an analysis of the model.year distribution among vehicles
‘involved.in aecidents‘ as a result of vehicular problems; a .comparison of
results obtained on-site and in-depth; a comparison of accident and control
sample populations; results of an initial cluster. analysis -effort; an
- assessment of relationships between various driver, accident and causal
_factor characteristics; and an assessment of the representativeness of study
samples. The glossary section of Volume 1 included the overall causal
hierarchy and causalfactor definitions. Volume 11 provided a more detailed,
description. of methodology, as well as the principal data collec‘ti'on forms
and ‘the detailed causal result data tables ‘(2) . :

) " Tri-Level Study ‘of the Causes af Traff ic Acczdents Intertm Reporl I,
. Volumes 1& 11 h

Prepared under Contracl No DOT HS-O34 3- 535 Volume 1 dated
August, 1974, Volumelldated December 1974 (Nos HS-801 -968 and HS-
. 801-631). These were. final reports of the second year of activity. Volumel
- provided a report of causal result tabulations and trends while Volume 1l
dealt excluswely with assessments of the potent1a1 payoff of radar warning,
radar actuated and anti-lock braking systems in preventing accidents or
- reducing their severity. Causal result data.in.Volume lincluded both Phase
1V and cumulative Phase II, III IV data. A third document (Volume 111)
" was produced but not published. Instead, its contents were updated and ©
- mcorporated in the present final report It dealt withi results. of dynamic - -
- vision’ testmg, dnver knowledge testmg, on-site and’ m-depth cluster - "~
"analyses of data, an AID analysis’ relating drivér characteristics -and
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accldent causes,‘ and new methodology development, including profile
scores of drivers (3). ’

. The present document is a comprehensive final report of the three-year study. However,
not all materials previously published have been replicated herein. For example, results of the
radar/anti-lock assessments (Interim Report II, Volume II) are not included. The -present
report includes causal factor tabulations from the Phase V collecuon penod as well as
cumulative data from Phases II through V.

Prior to the present study, IRPS was engaged in a related tri-level study under NHTSA
sponsorship, entitled “A Study to Determine the Relationship Between Vehicle Defects and
Crashes” (DOT—HS-034-2 263) In chronologlca] order, relevant documents from that study
were: : T o .

& Interim Report af A Study to Determme the Relauanshtp Between Vehxcle
Defects and Crashes: Methodology : .

\"Prepared under Contract No. DOT- HS-034-2 -263, November, l97l DOT
- Report No. DOT-HS-800-661. Provides details of tri-level methodology.
- - This -document : was produced durmg Phase 1 of lRPS several data
collectnon phases (4) :

- Resuhs of a Study to Determme the Relauonsth Belween Vehicle Defects
- ‘and Crashes, Vols. I & 11 .

2 -'Prepared under Contract No. DOT-HS-034-2-263, November 1972 DOT

Report Nos. DOT-HS-800-850 and 851. Provided results from' data

~.collection Phases I and I1. Although the emphasis was on the role of

vehicular factors, human and environmental factors were also tabulated in

" a manner consistent with that employed in later phases. Volume I provided

causal result tabulatmns, whxle Volume Il dealt with comparisons of

‘component outage rates in the accident and general vehicle populations,

compansons of results obtained at the on-site and in-depth levels, and the

‘ ﬁrepresentatxveness of study samples The report was a product of data
‘ collectlon Phase lI (l) ‘ ,

13 Stxtus of Accldent lnvestlgnﬂon and Datx Collectlon Actlvities

As descrlbed in tne methodology ovemew (Volume I, section 2. O) a tn-level methodology
has been, employed featuring basehne data collection on Level A, on-sité investigations of
moderate detail on Level B, and m—depth investigations of intensive detail on Level C.

Durm_g Phase V IRPS continued to build both baseline and accident data files (Tables
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1-1 and 1-2). Baseline data includes information describing Monroe County_ accidents re-
ported to the state (location, date, etc.), drivers licensed in Monroe County (age, sex, vision
as measured by the dynamic vision tester, etc.), vehicles registered in Monroe County (make,
model, year, etc ), and Monroe County roadways (mlles of surfaced and unsurfaced roads,
etc.). - -
.. Throughout Phase V, twenty-four hour per day coverage was malntamed on Level B

. permlttmg a sizeable increase in the accident data files. An additional 894 on-site (Level B) and
102 in-depth (Level C) investigations were conducted, bringing the total for the three-year
study to 1728 on-site and 269 in-depth. These data are generally compatible with those
collected during Phase II (530 on-site, 151 in-depth) providing a total base of 2258 on-site and
420 in-depth accidents readily available for analysis. Also during Phase V, information was
acquired on all 3068 Monroe County accidents reported to the state during this period,
bringing the total number of state accident reportsfor the Phase 11-V period to 13,568 (Table 1-

1.4 Background

‘The National Highway Traffic Safety Administration (N HTSA) has sponsored a varnety of
accident investigation studies since 1968. These studies to collect and analyze real-world -
accident data provide a foundation for development of safety strategies, rule- -making plans,
assignment of priorities, and measures of the effectiveness of countermeasure programs at the

. national level. Thus, the critical real-world data developed provnde a technical base for
intelligent planning and decrsron-makmg In summary, specific ob]ectlves of the national
accrdent investigation system are to: _

e Identify the causes and mechanisms of ‘motor vehicle accidents and
: subsequent injuries, so that effective measures devices, and trafflc safety
programs can be initiated.

. Provrde accident information and analyses on prlonty safety problems for
research and rule-making. :

® Assess the worth of motor vehicle and Highway safety standards now in
- force, and predict the potential effectweness of new standards under
consideration,

¢ Pinpoint defects in motor vehrcles or hrghway desngn as the basis for
scientific investigation.

¢ Validate advanced accident investigation techniques in the field to improve
the precision, accuracy, and efficiency of the collection of accident data
~ while reducing the collection burden of on-scene investigators.

-4



Summary of Baseline Data Collected by IRPS

. File Name_ File Description

Data Collection.
Period (source)

No. of

No. of

Table 1-1

Sampling

- Sampling Units Variables Technigue

| < e . . .
H PH2E30 . Age and sex of May, 1972 (1971 1,061 3 Systematic
Al ‘Monroe Co. licensed driver’s license o sampling from
S . drivers ‘ applications) a list
E . )
ISP71 Monrge Co. Police April, 1872 (ISP) 3814 56. Entire popula-
: reported accident data ‘ tion .
PH3E30 -Age and 'sex of- -May, 1973 (1972 1,000 3 Systematic
‘ - Monroe Co. licensed driver's.license » . samplingfrom
drivers " applications) alist
P PHIE3T Make & model year of  June, 1973 (1973 2,000 2 Systematic
H Monroe Co. passenger  Monroe Co. passenger samplingfrom
Al vehicles vehicle registrations) a list
S S
E  PH3E0Y Monroe Co. driver- 29 April, 1973 to 300 43  Quotasampling
. vehicle character- © ¥ June, 1973 (stratified by
istics (Monroe Co. drivers) » age and sex)
ISP72 " . Monroe Co. police “April, 1973 (ISP) 3272 ‘ 56 Entiré popula-
‘ reported accident data : tion ‘
" PH4E30 Age and sex of April, 1974 (1973 - 980 10 Systematic
.- Monroe Co. licensed driver's license - sampling from
drivers applications) a list
© PH4EB0 Monroe Co. licensed B April, 1974 to 149 ‘70‘ Quota sampling.
P driver vision . 8 July, 1974 (Monroe (stratified by
H : (o. licensed drivers) - age and sex)
AlV : - R ' -
S PH4E61 Monroe Co. licensed 8 April, 1974 to 51 112 " .. Quotasampling
E driver vision test- 8 July, 1974 (Monroe (stratified by
retest. : Co. licensed drivers) age and sex)
PHAES?2 Monroe Co. licensed  August, 1974 63,000 16 Entire popula-
_ drivers _{Indiana BMV) o ‘ tion
PH4E63 Monroe Co. regis- June, 1974 : 33,921 35 Entire popula-
: tered vehicles {Indiana BMV) . * tion
1SP73 . Monroe Co. police April, 1974 (ISP). . 3314 56 Entire popula-
. reported accident data . ’ tion
P PH5E30 Age and sex of July, 1975 (1974 2,081 18 Systematic
H Monroe Co. licensed . ‘driver's license o sampling from
AV drivers - - : applications) -a list
S . .
E ISP74 Monroe Co. police April, 1975 (ISP) 3,068 ' 56 Entire popula-

reported accident data
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Table 1-2

Summary of Accidents Inveshgated by IRPS Using Tri-Level
Methodology

Data Collection ‘ Police Reports On-Site In-Depth

Phases & Dates (Level A) (Level B) (Level C)
1—-10/70-5/71 3458 in 1970 469 68
—6/71-5/72 3914 in 1971 o 530 151

—6/72-5/73 3272 in 1972 306 64

W-—-6/73-5/74 3314in 1973 528 103
V—6/74-5/75 3068 in 1974 - 894 102

Combined Phases' )

WAL W, v 13,568 2258 420

' Phases II, |11, IV, and V were assessed using the same causal assessment scﬁe'me and are presented

both separately and cumulatwely Phase | dlffered somewhat and, for the, most pan, is not reported
herein. .

Recent trends in accident research have led to a multilevel approach to national accident
data collection, processing and analysis (see Figure I-1). The level of sophistication ranges
from population data and the basic, minimal amount of data contained in routine police
reports of all accidents, to the most comprehensive, in-depth data contained in special reports
by professional accident investigation teams. In the basic level of collection, a small number of
~ data elements are collected on the population at large and on a large number of accidents. Data
from vehicle registrations and drivers licenses are utilized as supplement information at this
basic level. At the top level, hundreds of data elementsare collected on a small number of select

accidents which are designated for study. Intermediate levels involve various additional data- N

elements not routinely collected at the ba51c level in order to study some specific aspect ona.
subsample of accidents. _

A composite approach, designated as a tn—level study, was devxsed from this multilevel
national concept. Tri-level studies involve simultaneous accident data collection and
investigation from three levels of detail, within a single study. Thus, the three levels of the IRPS
tri-level program, in order of increasing detail and cost per.investigation and decreasing case
volume are:

¢ The collection of baseline data on the study county from police reports,
vehicle registration files, driver license files, roadway inventories, and local
surveys (Level A).



Figure 1-1 — Multi-Level Concept
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¢ The on-site investigation of accidents immediately following their
occurrence by teams of technicians (Level B).

* The independent, m-depth investigation of a subset of the accidents
investigated on-site, by a multidisciplinary team (Level C).

Data collected on Level A enable the representativeness of study samples to be assessed,
and also provide a basis for comparison of accident and general populations. The Level B (on-
site) investigations enable moderately detailed information to be collected from a relatively
large number of accidents. Since the extension of coverage in“February, 1974 from 10.hours to
24 hours per day, IRPS has acquired accidents on Level B at the rate of approximately 70 to 80
accidents per month (840 to 960 per year). On Level C,a multidisciplinary team has conducted
highly-detailed investigations at a rate which has averaged about 100 accidents per year.

In Figure 1-2, the location of many of the teams currently funded by NHTSA is shown,
including the present study of accident causation. Each of these is a “special study,” focusing
on a particular aspect of the highway traffic safety problem. At its core, each also includes a

-multidisciplinary accident investigation team composed of medical doctors, engineers,
psychologists, and other accident reconstruction specialists who scientifically analyze
accidents to determine accident and injury causation and to make recommendations for
possible solutions. Increasingly, these studies are developing levels of data which provide for
both clinical evaluations of accident and injury causation, as well as statistically significant
information on specific priority problems. -

Not reflected in Figure 1-2 are several previous NHTSA studies conducted during the first
two years of the present study. These include a study of Intersection Accidents in San
Francisco, Restraint Usage Compar_isohs in Salt Lake City, a study of Alcohol-Involved
Accidents in Albuquerque, a study of Fatal Accidentsin Oklahoma City, a study of Injury and
Damages Indices in San Antonio, a Pedestrian-Alcohol Involvement Study in New Orleans, a
Single Vehicle Accident study in Mlaml and Alcohol Safety Action PrOJect Evaluation teams
in Baltimore and Boston.

- The present IRPS study has built extensnvely on the earlier “Vehicle Defects Project,” and
differs most notably in directing increased attention to the role of human and environmental
factors. Additional details concerning the study approach are provnded in the methodology
‘overview section (Vol. I, Section 2.0).



Figure 1-2
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2.0 Driver Attributes in Relation to Accident Involvement and Causation -

Grouped in this section are several separate examinations of relaﬁonships between selected
driver -attributes and measures of accident involvement. The latter include comparisons
between groups which either have or have not had accidents within specified periods, and
between those in accidents judged to have made causally- rclevant driver errors and those
adjudged error-free. Toplcs included are as follows:

® Section 2.1: Driver Vision (static and dynamic acuity, angular movement,
and other measures using a device of advanced-design).

e Section 2.2; Drnver 'Kno‘wledge (tested via a short pen and pencil battery).

L] Seé;ion 2.3: Driver Psychological and Personality Factors (based on
measures of social and personal adjustment, impulsivity,
information-processing ability, etc.). '

e Section 2.4: Driver Characteristics and Culpability (focusing on agé sex,
driving experience, vehicle familiarity, annual mlleage and
road-area famlharxty)

2.1 Driver Vision Test

_ The general purpose of this section is to obtain a closer look than afforded before, at the
relationship between driving performance and vision. Despite the fact that visual information
is generally believed to constitute over 90 percent of the driving-relevant input (o the driver
(Hartmann, 1970), the measured relationships between driving performance measures and .
traditional measures of visual acuity are at best tentative (c.f., Goldstein, 1961; Burg, 1964).
Several factors may account for these results:

The Limited Range Effect—there typically is a reduction of the observed relanonshlp
between two factors when the range of values of either or both is limited. In driving, this effect
is manifested in the typical elimination (through licensing) of all those people with a corrected
foveal static acuity less (poorer) than 20/50. :

The Limited Number of Visual Functions Studied—typically, only stanc foveal acu1ty and
color vision tests are administered for licensing purposes. Yet, good driving performance
requires adequate peripheral vision (Mourant & Rockwell, 1972), acuity in the presence of
glare and low levels of illumination (Allen, 1970), and adequate dynamic visual acuity (Burg,
1968).

The Limited Data Base for Driving Performance—here the basic problem remains one of
defining the driving task. Various approaches such as information processing (Rockwell, 1972)
and functional taxonomies (McKnight.and Adams, 1970) have been taken, and the resulting
models of the driving task have been useful in generating the visual functions necessary for
driving. However, to test the relevance of the visual functions onc must compare the visual
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performance of drivers to empiric‘al‘dri‘ving task-related data. Typically driver records are
‘used as indicators of driving performance (Burg, 1967 1968; Fergenson, 1971). However, for
~ ‘the present purpose, accident'and violation records are relatively crude and indirect measures
“of drrvrng performance for the following reasons: -
. They do not contain information' on the partlcular human error rthat caused the

acc1dent—or even the violation. : e

2. Assessment ofculpabrllty is based on legal consrderauom rather than humdn perceptual—
motor limitations. r

3. They contain data accumulaled over a long penod of time durmg whrch visual
performance on selected visual functions may deteriorate significantly.

4. Drivers’ accident and-violation records are greatly influenced by more “central” factors
such as risk-taking tendencres and information processing rates (Fergenson, 1971), as well as
personalrty characterlstlcs {(Herano, 1968) : ‘

2.1.1 Methodological Approach

In the present research the relauonshlp between nsual .ability and dnvmg performance 18
studied by measuring multiple visual performance abilities on the one hand and analyzmg n-
depth accrdent involvement on the other hand. Thus, this effort constitutes a methodologrcal
improvement with respect to the last two of the three confoundmg factorb above—more visual
functions studied and better data on driving performance The followrng is a brief description
-of this approach (a more detarled descrrptron of the’ mstruments and procedure is provided in
Section 2.1.3). . :

The visual performance of ‘accident-involved drrvers was tested via a recently developed
driver vision screening instrument specially desrgned by Systems Developmem Corporation
and built underaDepartrnentofTransportatron contract (Contract No. DOT-HS-009:1-009).
This device, while only a prototype, may serve as a model for a new generatron of vision
screening devices planned to replace thoee now in use by many states in processing driver
license apphcams It1s the product ofan extensrve research and evaluation program conducted
by Burg (1967, 1968) and Henderson & Burg (1973, 1974) that 1denl1f1ed a number of visual
capacities and skills thought to be crucial for safe accomplrshmem of the dnvmg task. A
repertoire of tests capable ofmeasurmg those visual parameters was developed This repertoire
was then incorporated into a single testing unit known as, the * mtegrated driver vision test
devrce to be referred to here as the Dynamic Vision Test (DVT). Among the visual functions
tested by the DVT are static and dynamic foveal aculty, static peripheral acuity, foveal and
peripheral acuity for lateral movement and movement in-depth, and foveal acuity in the
presence of spot and veiling glare. Initial résearch utlhzmg the DVT by Henderson and Burg
(1974), showed that poor performance on several of the vision lests wasrelated to poor driving
record. Where such statlstrcally significant relanonshrps were obtamed the magnitude ol the

‘ relatronshrp was relatively small, and in- many cases countermlumve, ie., poor visual
- performance was associated wrth good record. These countermtumve results were altrrbuted
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to the confounding of the visidn and driving record variables with age; and the generally weak
relauonshlps may be attributed to llmltatlons in Henderson & Burg's (1974) data base, i.e,,
driving records. ‘ ‘ ‘

In the present research, dnvmg performance was evaluated on the basis-of an analysxs of
accident involvement behavior by a multl-dlsCIplmary research team. This analysls yielded the
types. of driving errors that resulted in the accident. While accident involvement is an indirect
measure of driving performance, the methodological approach is unique (and is an
improvement over previous procedures) in that (1) visual performance is measured in close
temporal proximity to the accident (within a week) and (2) the quality .of the accident-
describing data is much better than typically afforded from police and insurance files. -

2.1.2 Objecnves

“The specxﬁc objectives of this research ‘were: to test the reuablhty and practlcallty of the
- DVT as a screening dev1ce and to identify the validity of the DVT scores as factors related
. to driving performanoe ‘

Reliability—to be a rcllable and useful screenmg dev1ce the fmal DVT battcry must meect
several criteria:”

" 1. The scores obtained for a glven individual should be stable across short
‘periods of time. This measure of con51stcncy 1$ typlcally obtamcd by
“calculating test-retest reliability. '

‘An initial assessment of the DVT’s rehablllty was made by Hendelson &
Burg (1974) For the various visual performance measures, the test-retest
correlations ranged from r=.08 to r=.75 for a group of 28 SDC -
) émployees from r =-.04 to r =.70 for high school students; and from
r = .12tor = 1.00 for 99 paid volunteers with a revised battery consisting of
"a $maller number of visual-function tests, and more trials per test. The
importance of a test’s rehablhty becomes obvious when one consldnrs the .
fact that the upper limit of a test’s vahdxty (the ultimate criteria for its
usefulness) equals the. square of its reliability (in terms of ¢orrelation value)
Thus, it is felt that prior to the assessment of the relationship between visual -
and driving performance—a measure of thdny—some measure of
reliability. must be obtained. : : B
2. The visual performance score should be relatively insensitive to pracuce and
famxhamy with the DVT; i.e., learning should be minimal ora method to
correct for it should be applied. Thus, in addition to the tesl -retest _ 
'correlauons an absolute score dlfterence between lhe two [eslmg sessions’ 1 .
. should also be calculated. : '
3. The test score should not be exammer-specmc ie., for a given mdmdual
‘the score should be the same with different admlmsuators and scorers. For
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- this reason two different people were used for both test sessions.’

4. Due to practlcal limitations the final DVT battery should be ‘elatively
short. Préesently the DVT requires approximately 30-40° minutes to
administer and score. ‘A’ factor analysis should be applicd to determine
which of the tests measure similar capacmes SO 1hal some of the redundant

 tests may be dropped. ‘ ‘

Vahdlty—the usefulncss of the DVT for llcensmg purposes depends on its relationship to
driving performance Presently the battery can be said to have content validity since its
construction was based on driving task analysis by experts (Burg, 1968). The specific objectives
of the validation effort are to find whether:

1. Poor performance on any of. the DVT measures is related to- accrdent
_involvement. - ) ‘ C
- 2. Thereisa relattonshrp between DVT performance and the human error that
‘caused the accident (as assessed by the accident investigation team). .
3. There is a relationship between specific accident configurations and visual-
deficiencies; e.g., do people involved in rlght angle accrdents have poorer
penpheral and dynamrc acurty" . - :

' 2.13 Method
2.1.3.1 The Vision Tes!

The dynamic_ vision tester (DVT) is.a prototype of an expenmental battery that
mcorporates visual tests which are theoretically relevant to the driving task. The DVT,
developed by Henderson & Burg (1974), consists. of 12 tests of binocular visual acuity, and
presently requires 3040 minutes to administer and score. A brief descnptron of each of the
tests and its rationale is given below. For a more technical and detailed description, see
-Henderson & Burg (1974).

In all tests except those for movement threshold the target is a Landolt ring (a circle witha
break in it) with the break at any one of the four positions:. top, bottom right or left. The
subj_ect s task is to identify the location of the break. In the movement threshold task the target
isa filled circle, and the subject s task is to identify the direction of the movement. In all tests
the target brightness is greater than that of the background (i.e., negative contrast) The tests
are administered in the same order as described below.

. 1. Static acuity—Normal illumination (SA-N). Presently, the basic vrsualabrlrty to resolve
details of stationary objects projected on the foveais the primary acuity criterjon for passing or
failing license ‘applicants. Subjects are presented with Landalt rings in decreasing size. The
range is from the Snellen equwalent of 20/175 to 20/20. Flgure/ground contrast is 991, The

! Contrast = Background fL-Target L
Background L )
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acuity score is in Snellen numbers of 175 to 20, with 20 being the best poss1ble score.
2. Central Angular Movement (CAM)- Smce most of the time the driver is moving, a state

of relative movement exists between him and his surroundmgs Thus, statlonary objects
adjacent to or on the road “achieve” angular movement just before he. passes lhem while
opposing and passing traffic is perceived to be moying in depth (toward, or away from the
driver) once they are more than several hundred feet away. To measure angular movement
- threshold, a 2° circle of light moves across the subject’s fleld of view fromeither right-to-left or
left-to-right, for a constant one second duration. On each trial, in a sequence-of 10, the extent
of movement is decreased. The range decreases from 256'to 2" of arc. The entire test consists of
two such sequences making up a total of twenty trials. The test yields two scores: threshold of
movement detection and total number of trials correctly identified. S
‘ 3. Central Movement in Depth (CMD)-This test is relevant to the ability to perceive a

change in distance between the driver and cars ahead of him. The test is similar to CAM except
that the target-varies in size, creating a sense of movement in depth: The range of movement is
from 190’ of arc to 2’ of arc from the initial size of 2°. The subject’s task is to identify whether
the circle is getting larger or smaller. The test yields three scores: two thresholds for increasing
. and decreasing circle size, and total correct out of twenty. trials.

4. Peripheral Angular Movement (PAM)-The test is designed to.test the- dnver s ability to
identify movement in his peripheral visual field. The ability to perceive movement in the
peripheral field is crucial in many situations where the driver is directing his gaze-in ofe
direction, e.g., straight ahead, but must be responsive to events elsewhere, such as a car pulling
out from an alley, a child jumping into the road, etc. The task is to 1denufy the direction of
‘ movement as in CAM while the eyes are fxxated on a lateral point 45° away from the mowng
disc. To insure that the subject does not shift his fixation, the fixation point “jumps” or'a
- random periodic basis'and he must respond to these jumps by pressing a button, thus this task
actually is a time sharmg task between peripheral and foveal VlSlOﬂ The scorcs on thns test are:
" threshold, and total number of movements correctly identified. ‘

5. Peripheral Movement in Depth (PMD)-The rationale and procedures are similar to
"PAM except that the nature of the peripheral movement is as in CMD The scores are:
thresholds and total trials correct. ' ‘ :

4-5. Tone Count (TC)-In tests 4 and 5, whenever the subject fails 10 press the button
1mmed1ately following the_]ump of the fixationdot a high frequency tone is sounded. Thus, the
" total number of tones is a measure of ability to perform the secondary task, i.e., to foveally
fixate and attend to the jumps. The best score here is 40, since the'total number of tones is 40.

6. Static Acuity-Low Level Illumination (SA-LL)-1n order to provide a measure of acuity
under low level light conditions—such as dusk or night—the SA test described above is
administered with Landolt ring brightness reduced from 2.3 fL 1o 02 fL yie dmg a contrast of
.05. The final score is the subject’s threshold.

7. Field ofVlew (FV)-This test is designed to measure the subJect s abllny to detect a change
in brlghmcss in his peripheral field. Whlle the subject fxxates on a central pomt a sequence of
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small Landolt rings are flashed for a duration of .5 seconds at various angles away from his
fixation. The range of angles is from 60° to 907 to either side. The subject’s, task is to state
whether the light on each trial was to the right or to the left of the fixation bpot The ability
measured here is different, from that in PAM and PMD since it does not require that S be
attentive to any events in his foveal field, and thusno time sharing is inv olved. Three scores are
derived from the test: threshold angle of detection to the right, threshold angle to the left, and
total number, of tnals correct out of 14. ,

8. Detéction-Acquisition- ]dentlf'catlon of penpheral patterns (DAI 90) -The test is
assumed to measure.S’s overall visual search ability since it requires that he first detect a
peripheral target, consisting of a Landolt ring, move his eyes (and head if necessary) to acquire
(or fixate) it and then identify the position of the break. The 'largets appeal in a random
sequence anywhere from 60° to 90° away from the central fixation point. Target duration s .8
seconds and S’s task is to identify the position of the break. The test yleld\ three scores:
.. threshold angles of identification in the right and left fleldb and total trials correct out of 14

9. Detectlon-Acqunsntlonfldentlﬂcatlon of para-foveal patterns (DAI-35)-The test is
similar to DAI-90 except-that the relevant target field is now 10° to 35° away from the central
fixation, and its duration is only .5 seconds. The S’s task and scoring procedures are the same. .
In terms of visual requirements, the task is different since the resolving power in the para-
foveal region is sufficiently high so that no head movements are required at all and at the
smaller angles no eye movements are required; and hence the motor mechanisms involved in
the task are dlfferent Almost all of the driver's traffic information is wnthm the para-foveal
range.

10. Dynamic Visual Aculty (DVA)- -Critical information such as signs are typically in
relative movement to the moving driver and hence, perhaps more important than static acuity,
is dynamic acuity or the ability to resolve information from a moving pattern. The ability
tested here is different since it is time dependent. In the test a Landolt ring moves across a 30°
arc in the lateral plane at the rate of 60’/second. On each trial the ring size is decreased. The
total range is from the Snellen equivalent of 20/200 to 20/30. The final score 1s Lhe acuity
threshold.

"11. Static Acuity with Veiling Glare (SA-VG)- Undel conditions of velhng glare, such as
direct sunlight or strong reflections from the windshield and dashboard, figure/ground
contrast is reduced and ability to resolve detail is impaired. In this test the glare is produced by
- flooding the visual field with a uniform white light 040.25 [L resulting in a4 contrast of . 05 The

 8's score reflects his Snellen threshold

12. Static Acuity with Spot Glare (SA- SG) The andlogous dri ng situation is one where -
the glare source is a low lighting fixture or the headlights of an oncoming car. In the test the two
glare sources are located on the two sides of the Landolt rings. The brightness level of each bulb
is 40,000 fL. The test procedure and scoring are identical to the other three SA tests.
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2.1.3.2 Subjects

Three hundred and ﬁfty-elght licensed dnvers were admm15tered the DVT. The drivers
were sampled out of two populations: .

1. The Accident group consisted of 209 out of the 35! drivers who were

.actually involved in automobile accidents that were investigated by the in-
depth (Level C) multidisciplinary teams during the period that the DVT was
available for this project. Sampling was based on availability.

2. The Control group consisted of 149 drivers not involved in investigated
accidents, representatively sampled by age and sex from the general driving
population in Monroe County. For assessment of test-retest reliability 51
drivers from this control group took the DVT twice.

The degree to which the two groups are representatlve of their population in terms of age is
illustrated in Table 2-1. For the accident giqup, inthe sample of those taking the vision test the ‘
35-54 year olds are underrepresented. (This bias is probably due to the fact that 35-54 year old -
people have less time to contribute, while the 16-24 year-old group typlcally has more time
during regular working hours). The “reliability” drivers are highly rcpresentatwe of their -
population since the samplmg was stratified by age and sex categories.

2.1.3.3 Driving Data

For all drivers the following information was obtamed through quesnonnalres and clinical
interviews:

Sex

Age o

Exposure — miles driven in the past year

Aided vision - — whether or not they wear glasses or contact lenses

‘ when driving
License restrictions

* Accident history . — number of accidents in the past 5 and [ year periods
: and whether at fault or not .
Traffic violations history — number of and types of vi_olatidns
Driving knowledge ‘— based on a forced-choice driver knowledge question-

naire (described in sectlon 2.2 below)

In addition to the above information available for all derel'S the followmg mformatnon
was obtained from all the accident group drivers: : ‘

e Detailed bnographxcal mformatlon, and accident relevant information
obtamed in an hour long in-depth interview.

e Accident cause analysis which resulted in assigning each driver relevant (1fany)
human factors that might have caused the accident.
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. Table 2-1

The Age Dlstnbutions of AII Groups of Drwers Admimstered the
DVT.

ACCIDENT GROUP o -‘ : CONTROL.GFi“OU‘F;‘,‘

All In- . - Vnsmn Tested All Control ~ Reliability
Age - . DepthDrivers in-Depth Drivers Drivers Drivers

N % .. N % . N e UN %
16-18 .67 19.2 o053 254 . -, - 23 154 - o 8. 157
20-24 12 .38 75 259 . . 26 242 12 285
25-34 .82 23.3 47 225 39 262 127 255
/544 36 .. 104 6 77 .19 12.8 7 137
45-54 40 "3 - . 11 ¢ 53, o, 15 10.1 . .6 118
55-64 5" 16 - 3 14 1 74 3 59
65+ -9 25 & 1.9 6 - 40 ‘2 39

Total 351 . 1000 209° 1000 - 149 1000 51 1000

Finally, each -of the drivers was classrfred as belonging to one of three categorles based on
‘his/ her accident history in the last three years:

. Never been involved in accident.
® Involved but not at fault.
e Involved and at fault.

2.1.4 Results and Discussion ‘ ‘
2.1.4.1 Introductlon

Before any of the resulls can be dlscussed it should be noted that several SUbjECtS failed to
reach even the highest threshold level on some of the tests. Since a score. of “0” is most
mappropnate for all the tests (for the static and movement acuity tests “0” imphes perfect”
:performance), extrapolated scores—of .one additional level beyond  the . poorest
pertormance—were given on these occasions. Thus complete failure is givenathreshold value
- of 200 for the static acuity tests (SA-N, SA-LL, SA-SG, SA-VG); a value of 225 for the DVA;
and a value of 512 for the movemem acuity tests (CAM, CMD, PAM, PMD). ’

Statistical analyses were performed in parallel on two different scales. 1n the first scale the
actual raw scores obtained by the drivers on each of the driving tests were used as the
dependent measures. For all the tests these scores are clearly defined as points on a ratio scale
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on a ‘phys‘if:lal continuum. However, these scores are probably not appropriate for a
psychophysical scale; i.¢., an interval scale defined on a psychophysical continuum. For this
reason the second scale was developed.

It has been known for a long time that equal mcrements on a physical contmuum
correspond to decreasing increments on a .psychophysical continuum. For example, an
increase in the intensity of an illuminated sign from 1 to 2 foot candles (ft-c) is perceived as a
much greater change than a change from 2 ft-c to 3 ft-c. A generally accepted relationship
between the physical and psychophysical is a logarlthmxc function? originally proposed by
Fechner in 1860 in which:

S =alogM +b

where: S is the magnitude of the sensation on a psychophysical scale
M is the magnitude of the stimulus on a physical scale
a, b are constants which differ for individuals and sensations.

Toillustrate, a case in point is the change from a score of 2 to 4 on the movement acuity tests
(CAM, CMD,V PAM, PMD). On a physical scale such a change is minute relative to a change
from 128 to 256 but on a psychophysical scale they may be identical! Obviously, statistical
analyses on the two scales will yield grossly different results, since the physical scale
(spuriously?) gives more weight at one end of the continuum (256) than at the other end 2.

In the present study the constants in the logarithmic functions were arbitrarily determined
in order to yield a numerically convenient set of points to correspond to the physically defined
points. The transformation S = 3.322 log M was used for the movement acuity tests (CAM,
CMD, PAM, PMD), and the function S = 3.322'log M - 3.322 was used for the static acuity
tests (SA-N, SA-LL, SA-SG, SA-VG) and the DVA. These functions are “convenient” since
they. yield a score of “1” for the highest acuity level tested and an increment of | for every .
doubling of the physical magnitude. The corresponding points on the physical and
psychophysical scales are represented in Table 2-2. No transformations were needed for “total”
scores and thresholds for the FV and DAI tests.

2.1.4.2 Test-Retest Reliability

Four of the vision tests were excluded from the retest session in order to mcrease the
subJect s cooperanon by significantly shortening the test session duration. It was hoped that
this would eliminate the fatigue and stress involved in the retest (see Henderson & Burg, 1974,
p. [11:14), and thus insure that motivation would remain high in both sessions. The tests ex-
cluded were those judged by Henderson & Burg (1974) to be the less predictive of accident
involvement: DAI-90, PAM, and PMD; and SA-VG, which was previously found to have a
high correlation (.80) with spot glare, and was thus assumed to be redundant.

Test-retest correlations and standard error estimates for the 15 measures derived out of the
remaining eight tests are presented in Table 2-3, alongside the test-retest correlations obtained

? ‘An alternative relationship, S = M b has been suggested by Stevens (1957).
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fa’ble 22

Threshold Levels onthe Physucal and Psychophysncal Scales for AII
Tests of Static and Movement Acunty :

Static Acuity and DVA - . .. - - Movement Acuity
Physical Psychaophysical ‘ Physical Psychophysical
20 1.00 ‘ 2 SRR N S
25 S : 4 200

0 158 6 ) 2.58
3B 1.81 _ : 8 3.00

40 ] 2.00 . : 12 . 358
5 232 . S8 - o400
;60 1259 T R~ . 02500
0 2.81 ) 64 6.00
85 3,09 o 128 ©7.00
100 ) ' 3.32 o 7190 I 74
125 3.64 C » Co256 . 8.00
150 KR S : 512 9.00
175 T 493 S o
200 . 432
225 : ‘ 4.49

by Henderson & Burg (1974) in two independent SDC studies. Scatter plots for each of the
tests on the physical scales are presented in Appendix A of this volume. These plots are very'
useful in determining why some tests yield a low or high reliability estimate.

In general, performance on the stallc acuity tests—for either stationary or dynamlc ’
targets—is more stable than performance on movement acuxty and field of vision tcsts SA-N

and SA-SG are the only two tests that ylelded hlgh test-retest conelatmns in both, the present.

and the SDC studies. Total number of trials correct appears Lo be a more reliable measure than
the threshold level (for all tests except CAM), but this may change when a higher reliability is
obtained (as in SDC- -2). Compared with the’ rehabxhty estimates obtained by SDC, the present
resultsare more similar to the SDC-1 test than the SDC-2. Procedurally too, the tests here were

* more similarto'SDC-]-in terms of controlcondmons and number of trials pertest: The hlghcr> e

correlations obtained in SDC-2 are attributed to higher level of motivation and a greater
number of stimuli or trials per test.. However the exact changes that yielded thege higher
correlations are not spec1fled by Henderson & Burg (1974). ‘

Lomparlsons between the correlations obtained with the two scales reveal that correlations
dre éither-the same or slightly lower when the performance is scored on the psychophysical
scale. On the three tests in which the correlations are lower—CAM, DVA and SA-SG— the
higher reliability estimates with the physical scale can be attributed to the inflated effect of a
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Table: 2-3

Test-Retest Correlations and Standard Errors Obtained by - IRPS
.wlth Correspondlng Correlatlons Obtalned by sSDC

SDC-1 - SDC 2 - - IRPS (N=51) ‘

‘ (N=23) = (N=99) - Physical Scale - --Psychophysical Scale

Test, ro r - S.E. or "SE
SA-N: Threshold 69  1.00" B g5 0 AT73 . Js A0
CAM: Total a5t 29 31 0 170 . = —
" Threshold .86* .51 . . 68t - 356 - 86
CMD: Total - . J0%, .33 40t 162 ) —_ —
Small-Threshold -73 50 -03 - .33 . .05 o .85
Large-Thresheld 53 BV =11 6.33 -.04 . 1.06
SA-LL: Threshold 4 LI 54 BB - 56* 45
FV: Total 46 62* .. 63 1.55 o= ‘ —
Left-Threshold .54'} 370 51" - 5: — ~
Right-Threshold 57" ' - 46 394 — -
DAI-35: Total - 24 89V 3 10 - -
Left-Threshold A7 }\/ 89+ ‘ 14 293 - —

" Right-Threshold 2§V Y 04 3N - -
DVA: Threshold 08 Ce— 88" 12.40 B61* 41
SA-SG: Threshold 51 .85* 92* ]2 06 81 41

*  Significant at p < .01
+ Combined Extent
v DAl-40 °

mgle (legally blind) subject In addmon to providing a more realistic relnabrlny estimate, the
psychoph) sical scale provides a.more meaningful measure of standard error, Thus the general
decrement in acuity on the SA-LL test relative to DVA and SA- SG, resultedin a spuriously
higher S.E. estimate on the physical scale (33.05 vs. 12.40 and 12.06), but not on the
psychophysical scale (.45 vs. .41 and .41). : ‘

2.1.4.3 Additional Comments on the Individual Tests
SA-N '

Performance on this most basnc acurty funcuon is relatively (compared to the rest of the
tests) high, but still accounts for no more than 56% of the variance in the performance
(r2 =.56). The corresponding scatter plot (Appendix A) suggests that this estimate is
spuriously low due to a cciling effect-—i.e., even though only one S exhibits a marked change
(50 = 25)849p of the Ss score on both tests either 20 or 25, The rehablhty csuma[e isthe same.

‘ when the psychophysical scale is used since the poorest score was 50. '
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CAM o

" Unlike the static and dynamicacuity tests where the probability of a correct guess is .25, the
probability of a correct guess here is .5. lnevntably this increases the error in determmmg a
correct threshold The scatter diagrams (Appendix A) indicate that the low correlations for
both total score and threshold are real and are probably not due to a limited range (either
ceiling or floor) effect. One method to increase the reliability of this test may be to define the
movement as both up or down and right or left, and thus lower guess level to.25. Apparently an
increase in the number of trials (SDC-2) does not yield a more stable score on either measure.
Experience in scoring this test indicates that this test lacks a good scoring criterion. Some
.examples that illustrate the difficulty are given in Appendix B.

CMD

This test was the least reliable here, and in the SDC;Z research. While a ceiling effect may be
a contributing factor for the small-threshold score (Appendix A), this is not the case for the

large-threshold or total score. The apparent shortcomings of this test are two: first, the number - .

of trials for the determination of each threshold is half of that available for the CAM; secondly,
asa resillt given a true threshold, the probability of a shift in estimated threshold by one lével

up or down i is .3. This may explain the much higher corielation obtained for the total score
than for the threshold estimate (admittedly, this does not account for the result patterns
obtained by SDC) ‘

SA-LL:

‘ Desplte the fact that procedurally this test is as robust as the other two SA tests, its test-
retest rellablhty was significantly lower than the other two. The scatter diagram reflects this
low correlation by showing neither consistent linear or non-linear trend, nor limited range
effects. The correlation coefficient is only slightly higher with the psychophysical scale since
the effect of three Ss who had large test-retest differences is offset by three Ss who scored
poorly ( > 150) on both sessions (Appendix A). The most probable .explanation forthis
relatively low correlation is in the shortcorhing of the retest battery. In the test session
folloWing the SA-N test the target luminance is lowered for the CAM, CMD, PAM, PMD and
SA-LL. By eliminating the PAM and PMD tests from the retest session, the dark adaptation
time available to Ss for the' SA-LL test was reduced from approximately 8 minutes to 4
minutes. This difference is critical because of the complex nature of the dark adaptation curve
(see Cornsweet, 1970, for details). For our present purposes it is sufficient to assumé that
during the retest session acuity was measured at different points on the dark adaptation curve.
Thus the low correlation is as much a reflection on individual differences in the temporal dark
adaptation function as it is a measure of performance under low levels of illumination with full
adaptation. Note.that the levels obtained in both SDC studies are higher and similar to the .
level obtained here for the SA-N. In both SDC tests the interval between the SA-N and SA-LL
durmg which Ss could dark-adapt was longer than in the present retest.
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FY ‘
Although it appears as though the test is not very reliable, an mspectron of the scattcr
"diagrams in Appendix A reveals that whrle the relia brllty of the total score'is casily reflected in
‘the distribution of the scores, the smaller threshold correlauons are due to & limited range
effect: for botH rlght and left ﬂeld thresholds 94% ofthe Ss achleved a score 0f80 or 90 on both _

the test and the retest.
DAL3S . ,

Inspection of the correlations along with the-dita plotted in Appendix'A réflect a pattern
similar to that observed for FV—the reliability estimate for the total score appears to reflect

the distribution of scores, while the low estimates for the left and right field thrésholds are due
to a limited range effect. For both rightand left field 90% of the Ss scored 30 or 35 on both tésts.

DVA

This test, assumed to reflect a critical visual requirement for safe dmrng (Henderson &
Burg, 1974 p 11-61) ylelded alow rchabrhty on the first SDC check for relrabrhty, and was
altogether omitted from the second (SDC-2) test In the IRPS study this test turned out to be
the second most reliable with a test-retest correlatnon of 88. Some of the problems encountered
in the prelrmmary analysis may shed light on'the low re]labrllty obtamed by SDC. First, a
scoring error was found in whicha complete failure was scored as zero tather than 225. Second,
here too a significant proportion (53%) scored 30 or 40 in the two sessions, and the high
correlation is due mostly to one deviating S who failed the first test and scored 200 on the retest.
By excluding this S, the test-retest correlation for the remaining 50 Ssdropsdowntor 7 .61.
The effect of this devratmg S is also. reduced when the scores are transtormcd to the
psychophysncal scale (r = .6l1). ‘ :

SA-SG

The correlation obtained for this measure was the hrghest of all tests (r= 92) deﬁnitely
greater than the correlation obtained for SA-N or SA-LL. Several reasons may account for
this: first, the test is the lastin the series and thus Ss are task- familiar by | the time they perform
it, whereas the SAN test'is the first in "the series. Second, unh}:e the problerns encountered
because of the lengthy dark adaptation process involved in' SA-LL, light adaptatron is much
faster-and it is relatively safe to assume that by the time the threshold region is reached Ss are-
fully light adapted. Third, the degradanon in performance almost eliminates the limited range
effect encountered in the SA-N (compare plots in Appendlx A). ‘ ‘

2 144 Addlttonal Measures of Stabzhty

Three additional analyses were conducted to provide indicators of stability. In addition to
overall test-retest reliability it was sought to determine the effects of test.administrators, the
effects of time of day at which the test is taken and the extent—if any—of learning effects.
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Administralor Effect

Five different testers were trained in test administration and scoring. An analysis of
variance test with the administrator as the independent variable and test score as the dependent
variable revealed no 51gmflcant (p = .05) admlmstrator effect on any of the vision tests
"admlmstered in the Lest (first) sessnon :

Constancy of Tlme-of -Day and Admmlstrator

" If test performance is stable and the test is sufficiently objective in its administration and
scoring procedure, then test-retest correlations should not be significantly affected by a change
_in the time-of-day and of the administrator between the two testing sessions. To test for this,
"partial correlations were conducted on the vision scores partialling out in one case
administrator (same vs. different) and in another case time-of-day (same vs. different). The
results are presented in Table 2-4. A comparison of the partial-correlation columns with the
original (zero partial) correlations reveals thata change inthe admlmstrator and time- of—day
has no statistically or practically 51gn1f1cant effect on any of the resultmg scores.

Table 2-4

Partial Test-Retest Correlations Controlling for Operator and Time
of Day. (N = 51) (Based on raw scores—i.e., physical continuum)

Controlling for - 'Zero-Order
Test . Operator Time of Day Partials
SA-N: Threshold . : 75 75 75"
CAM: Total : o33 31 A
Threshold ’ .B8* .68* 68"
CMD: Total 41 . A0 407
Small-Threshold - . -.04 -02 - - -.03
Large-Threshold -1 . -.10 2 o=t
SA-LL: Threshold ) 53" BT 54
FV: Total - B4 B X ‘ ".63*
L-Threshold ‘ : xh ‘ 5 51
R-Threshold - 47" - AT ‘ 46"
DAI-35: Total : A1t 38" ©39
L-Threshold - 13 14 .14
R-Threshold i .03 . ) .05 .04
DVA: Threshold .88 ) .88 . .88

SA- SG Threshold a 92" 92* _ B

* Slgnlflcant at p s 01
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Learnmg

A valid test of v1sual performance should exhlbn mlmmal learmng effects or
improvement, as a result of previous experience with the test. T tests were conducted to
compare performance on the test and retest sessions in each of the vision tests. Mean
performance levels and t value for the difference is given in Table 2-5. As is immediately
apparent, all the changes in performance (except on SA-LL) indicate improvement in the retest
session. However, this change is significant for only four of the 15 measures. Three.of these
four are scores obtained from the first two tests mdlcaung perhaps lack of understandmg of the

Table 2-5

‘ Mean Performance Scores on the Tesl and Retest Sessuons, and T
Values for the Difference Between the Two

Test Test Retest Diff. TValue
- SA-N; Threshald 22.84 20.88 -1.96 2800
CAM: Totalt 16.73 1692 120 aar
- Threshold . ° 12000 - 537 - -B62 -267
OMD: Totalf - a 725 1755 030 . ¢ 100
Small-Threshold 4.98 © o A00 -0.98 -0.73
Large-Threshold 9.88 1792 -1.96 - -1.13
SA-LL: Threshold ~ 9706 101.86 4.80 - 91
FV: Totalt 12.43 12.80 0.37 183
Left-Thresholdt - 87.06 - 8725 0.20 24
Right-Thresholdt ‘ 86.67 87.45 078 94
DAI35: Totalf C12.35 1269 - 033 1.10
Left-Thresholdt . 33.24 3382 0.59 1.03
Right-Thresholdt 3255 3343 088 1.22.
DVA: Threshold 4362 42.16 147 -0.77
SA-SG: Threshold 4520 37.30 -7.90 -4.56*

T Low scare = poor performance; all other measures, high score = poor performance

*-Significant at p < .01



task in the original test session resulting in spuriously low scores for this initial session. This*’“
‘may be especially true with the CAM test where initially subjects tend to respond *
movement” rather than guess small angular movements. Increased prodding on the part of the ',
administrator to guess in the first two tests might eliminate the learning effect as well as».{
increase the test-retest reliability. The large improvement in static acuity with spot glare (SA--
'8G) should be further investigated eS‘pecialiy in light of the high reliability of this tést. Presently
it can only be hypothesized that increased motivation at the end of the retest session (due to
. shorter retest version), and a greater tendency to guess may be responsible for the
lmprovement : .

- One interesting finding is the large but non- srgmfrcam decremient in'static acurty under low
]evels of illumination. This result supports the “dark adaptation™ argument presented above.
Because adaptation time is less in the retest, mean performance levelis poorer; butdue to large
individual differences in the temporal dark adaptatron process the change is not statrstrcally
srgmﬁcant -

2.1.4.5 Practicality Assessments

Presently, the administration of a typlcal vision test used for licensing purposes consumes
less than one minute of the total test duration. Obviously any future vision tests will also be
judged in terms of their brevity, The DVT used in the present study requires 30-40 minutes of
the examiner’s and examinee’s time. It is therefore important to. see which tests can be
eliminated because they are either ummportant to driving, or redunda nt with other tests. This
section mvestlgates only the latter (i.e., redundancy), while the next section addresses the

“importance™ question. . ‘

Pearson correlations were conducted between all the test score pairs and are presented n
Table 2-6. The correlations are based on the total sample of both accident and control groups
having no missing data and not included in the reliability analysis (N= 290) Four pomts may
be noted here: :

1. For a given vision test ‘the highest correlations are typically obtamed for -
different measures obtained from the same test (note correlations enclosed
in triangles). The only exceptions are the movement detection tests (CAM,
CMD, PMD) which are probably the least reliable (Table 2-3).

2. The four measures of static acuity—SA-N, SA-LL, SA-VG, SA-
SG—correlate higher among themselves than with any other variable.

3. The tone count, which was time-shared with the two peripheral‘movemem
tasks, is almost unrelated to the five PAM and PMD performance
measures. Similar negligible correlations were obtained by Henderson and
Burg (1974, p. F5). This independence suggests that the tone count and

_ vision scores may be treated independently (rather than as covariates), as
they are in the “measures of stability” discussion, above.
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-Table 2-6

_ - Inter-Test Correlations' for the DVT

B DAI-90}  DAI-S0f.: DAI-90f  DAI-35f  DAI-35t DAI-35t
FV Totalt -FV Leftt  FV Rightt Total Left Right Total Left Right

Variable . 1 2 3 4 : 5 6 7 8 9
1 8 5 . 4 40 30 24 24
2 3. a2 3 2 A7 19
3 43 .39 I 28 .25
4 1.00 - .81 ' 83 - 45 29 31

-5 1.00- 66| . 3 2% 26
6 ' 100 23 27
8
g

‘ . CAMt CAM "CMDt - CMD CMD
SA-N . SA-LL - SA-VG SA-SG Total . Thresh. - Total Small Large -

Variable = 10 11 12 13 14 - 15 16 . 17 18
1 -48 -2 -.36 -.46 24 - =38 19 -29 -3
2 -4 =21 -3 -39 18 -2 .16 -22 .22
3 . =52 -25 -4 -43 29 - -49 .18 -33 -.36
4 . =32 =37 -40. -45 . 26 -.21 15 -15 -.28
5 S -.26 -3 =32 ~-.36 a7 - -8 - 21 -.15 -:28
6 =20 . =29 -.26 -32 2 - -.13 S -1 =21
7 -.39 -47 -.46 - -49 28 -35 .20 -8 . -3
8 -3 =27 B ) -35 .29 -.44. 10 -=38 -31
9 =15 -.38 -.34 -29 - 14 -10 - ‘o -0 -13
10 1.00 -.33 .56 ) T 73 =21 53 46
11 ) : : =24 a9 18 -
12 -20 . 25 . 0 28 ¢
13 -25 S
14 28 0 =3 -34
15 =24 75 - 61
16 1.00 =32 0 . -38
17 1.00
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PAM

VT‘abrIe 2-6 continued

PMD

Tonet

PAM{ PMDt
Total Thresh. Total Small . Large Count DVA
Variable 19 20 21 22 23 .24 25
1 .24 -39 .18 -12 -.25 34 -32
2 27 -39 .16 -17 -.25 29 -31
3 23 -40 19 -.16 -.28 34 -
4 23 =20 - A1 -.08 -20 43 . -30 -
5 A5 -1 1 -03 =20 42 -28
-6 19 - -.16 03 -03 -.16 a1 ~.18
7 19 -.15 25 . -07 = -.20 26 -.50
8 -.02 -.01 12 -06 - -.09 -4 -.32
9 .09 C - 23 -08 - -16 14 -2
10 -.29 .39 -.38 27 45 -34. X
11 -.16 .23 -15 06 18 =17 39 -
12 -.20 .28 -.22 - 08 .30 -17 44
13 -.36 44 -4 22 40 -.25 58
14 .35 -22 .21 .00 =27 .29, =27
15 o -23 -.22 : -.28 54
16 . 15 ~24
17 -.20. 40
- 18 -.26 38
19 :.30 -3
20 -3t A4
21 20 -3
22 -1 23
23 =21 40
24 1.00 -.24
25

t Low score =poor. performance; all other measures, high'scoreé poor performance

TN=290;p S 0802 ,p < 01=r 215




4. The' DVA score correlates most highly with the static acuily measures. -

‘ Theoretically the latter can be considered as a special case of the former. The
relatively high correlations of DVA with most movement. detection
thresholds (CAM, CMD-Small, PAM, PMD-Large) suggest that these are
additional visual capacities that are mvolved in the DVA task. ’

A factor analy51s with a varimax rotation ‘was, conductcd on the obtained correlatlon
matrix. The variable loadings. on the first seven factors—accounting lor 70 percent:of the
variance—are presented in Table 2-7. The factor loadings support the observauons ‘made
above and can be summarized as foliows: . ,

. For vision tesls yleldmg more than one score, d“ the dltlcrem scorc.a load

Table 2-7

Factor ,‘Loadings df Each of the DVT Measures on the Sevéh Rotated
Factors (N = 290) (Variance Accounted for = 69.6%) - |

Variable ~ Facter 10 W Y Vil

1. FV-Totalf - -18 . .28 89 0 -0 -1 -09
2. FV-Leftf St -8 21 78 06 -08  -14 16
3. FV-Rightt Y, 9B 12 -8 -12  -13
4. DAI-90-Totalf o -1 @2 21 7 -04 20 07
5. DAI-90-Leftt -1 7 21 6 =05 -4 01
6. DAI-90-Rightt =07 Kl 1413 02 11 10
7. DAI-35-Totalt -.24 23 06 82 -0 -7 -05
- 8. DAI-35-Leftt 1/ 13 07 58 05 -16 10
9. DAI-35-Right 01 14 By B -0 -1 -7
10. SA-N - , 60  -07 -2 -4 25 46 13
11, SA-LL . W -1 -04 -2 - 04 55 10
12. SAVG. . 18 -t =15 19 10 B 04
13. SA-SG , .29 =16 =21 15 20 7B 20
14. CAM-Totalt : =53 7 03 0 =09 -04  -20
15. CAM-Thresh. - - 94 --00 -7 -06 05 16 13
16, CMD-Tatalt : -2 07 .08 1 -7 =10 -M
17. CMD-Smali > -0 - -1 -08 09 09 -0
18. CMD-Large ‘ ‘ % -1 -13 -1 05 ¢ 10 06
19. PAM-Totalt . : -13 14 .07 04 -25° 09 -65
20. PAM-Thresh. M -03 -2 01 22 8. B
21. PMD-Totalt . -14 =00 04 T . Y 1/ AR
22. PMD-Small - ©-00 -02 -05 03 ] 05 16
23. PMD-Large - ‘ 26 -.08 -10 . -0 23 19 A4
24. Tone Countf -.21 34 7 .06 -14 -.04 -.23
25, DVA i -4 -.08 -.10 -30 22 35 © .25

t Low score = poor performance; all other measures, high score = poor performance.
Underlining indicates highest loading for each variable.
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highest on a single common factor. Thus, some saving in the scoring—-if not
in the administration of the test— niay be gained by using only the more
reliable ol the different scores obtainable.

. Most of the tests appear to test functions that are independent of each other,

vith the excepiions specitied below.

. Al static acully tests may be measuring the same basic capacity; glare (and

periiaps low level) causing a more-or-less constant shift in the level of
perfornmiance on a basically stable function. Additional data might support
the arpument that only one loveal static acuity test is needed for a driver

_vision icst. Parenthctically, note that SA-N is physically different from SA-

LL, SA-VG, and SA-SG -only in the ligure/ground contrast.

.. Dynamic visuai acuity has its highest loading on the same {actor (1) as the

SA-N and central movement dctection tests suggesting that toveal acuity
while tracking may be a combination ol its static acuity and movement
detection threshold. Furthermore, DVA is the only test that loads to a
significant extent on all but two (11 & 111) of the factors. Thus, DVA may be
argued to be a-complex task that involves a combination of ail measures of
foveual sensitivity tested by the DVT along with' peripheral movement
detection ability.

. The ability to detect movement in the central ficld may be a single process

that determines both CMD-Large and CMD-Small as well as CAM. It is
possible however that in a three-dimensional lield-—where stereopsis is a
factor—-CMD und CAM would load on different factors.

. The ability to detect movement in the peripheral ficld is probably controlled

by two independent processes, since PAM and PMD load heavily on two

different factors (V and VII).

2.1.4.6 Vvalidity Assessments

Given that the DV battery - urasclected sample of the tests —— is sutficiently reliable, the
critical remaining question. is whether the tests are also valid indicators of driving safety.
Before any version of the DVT can be implemented as a screening device, it must be shown to
be relevant to the overall licensing screening purpose, i.e., allow only “capable” drivers on the
road. In the present study the safety criteria against which DVT performance was evaluated
wetre all a function of the accident involvement— and accident cause as assessed by the.in-depth
team—-of the TAC in-depth sample of accident-involved drivers.

Validity Assessment—Involvement Analysis

‘The most intuitively relevant measure of the DV1 validity as a screening device is predictive
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validity: Do poor drivers score differently on the vision tests than good drivers? If the vision
tests do not help distinguish between potentially poor drivers and good drivers, or if more
straightforward measures (e.g., age) dlslmguu,h better, the DVT would be of dubious value in
driver selection. Cy : ;

In order to provide mformatlon concerning the validity of the DV'l dbdhccnsmg screening
device, vision test scores were compared among threc groups of drivers: (1) the Accident-At-
IFault Group consisted of 112 accident-involved drivers who had received in-depth accident
investigations and were determined to be at fault, (2) the Mixed Gi’qup consisted of 80
accident-involved drivers who had received in-depth investigations and were determined to be
not at fault, and 28 control drivers who reported having been involved in one or more accidents ‘
during the previous two years, and (3) the Control-No-Accident Group consisted of 121
control drivers who had not been involved in any trallic accidents [or two years.

Based on the foregoing analysis of the DVT, the more reliable tests were sclected for the
present intensive study. In addition two non-visual measures, a simple reaction time (SRT)and
a choice reaction time (CRT'), were included in this analysis. The relevance of reaction timeto
accidents was demonstrated by Fergenson (1971) who {ound that accident-involved drivers are
slower information processors than non-accident involved drivers. The average scores for each
of the selected tests, for each of the three involvement groups, is shown in Table.2-8. Separate
one-way analyses of variance were conducted coinpar'mg the group means for each test (raw
data) and comparing the group means on cach test adjusted for age (age adjusted data).

Prior to adjustment for age, significant differences among the raw means were obtained for
measures of Field of Vision (FV- nght) and Static Acuity (SA-N, SA- LL) However, on all
three measures the performance of the at-fault drivers was significantly better than that of the
control drivers. The surprising finding that the Accident-At-Fault (uoup pmlormcd better
than the other groups on several tests could be due to the confounding ol vxsual performdnce
with age (Henderson & Burg, 1974). In other words, our Accident-At- Fault Group has a
disproportionate number of young drivers relative to the other two groups; and there is
cvidence that young drivers perform better on certain vision tests. Support for this idea is
reflected in the fact that differences among the involvement groups were not statistically
significant for FV-Right or SA-N when scores were adjusted lor the effects of age. Inaddition,
‘the ANOVAs based on the age adjuétcd data revealed significant differences among the groups
for DVA and CAM-Threshold, favoring the Control-No-Accident Group. However,
ANOVAs on the. age adjusted data still yielded significant differences among the groups in
Static Acuity (SA-LL) favoring the Accident-At-Fault Group. Thus, there is no evidence that -
the relatively superior performance of the Accident-At-Fault Group on this test 1s a function of
age. Nonetheless, it is unlikely that good static acuity is a direct causc ol accident involvement.
It is. however, p0551blc that drivers with above average v1~ual acuu) may take more risks and
thus be involved in more accidents.

The fact that Accident-At-Fault drivers performed better on the relatively simplc or
uncomplicated tests uf Static Acuity but were worse in Dynamic Visual Acuity and Central
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. Table 2-8

Selected DVT Scores by Involvement Group

InvolvementGroup S ANOVA " ..~ ANOVA -
S “Accident - Control No- | (raw data) . (adjusted data)
. Vision Test " -At-Fault Mixed " Accident - F p p:
. (N=112)  (N=108) ~ (N=121) ‘ ‘
FV-Left" - 879 -~ 873 . . 82 ¢ .<100 -ns . ns
FV-Right* - . 885 870 . . 869 - S +.220 .10 - ps
DAI-G0-Left* .. 758 75 741 104 s - s
_DAI-90-Right* 763" ¢ 738 736 148  ns - ns
DAI-35-Left" o334 329 3341 . <1:00" ns . ns
- DAI-35-Right* ~ 328 ... 330 “325. . . <100 ns - ., ns
SAN. . . 214 . 263 . 233 286 06 . . ns
SA-LL Co861 . 875 ‘954 Coo2q4 0 '.051
SAVG - ‘ 625 674 - 69.3 135 ns - ns -
-CAM-Threshold - . 94 -~ 155 - 86 - o " 168 - ons.. . 06+t
CMD-Small = . 41 57 . 44 .- . .-101 . .ns . ns
CMD-Large . 986 131 .18 <100 ns . ns
DVA ‘ 46.4 464 . 43.0 110" .ns 09ttt
SRT - 475 T 474 494 144 -ns 7 ps
CRT' : 573 552 - 547 189 . ' ns . b ns -
- {CRT-SRT) 097 . .078 052, 634 . .002 09ttt

* High' score indicates godd perfornﬂance"for other te’stsllbw score ihdicates"good per'forman‘cet '
T When adjusted for age, the mean scores for the three: groups were 87 7 85.6 and 96. 5
.1 When adjusted for age, the mean scores were 12.5, 14, 4 and 6.8 degs
) t i When adjusted ‘for age, the scores were 48.1, 46.1 and 42 4.
T When ad1usted for age, the scores were 089, .109, and 038 secs

Angular Movement, relative to (,ontrol-\io-Accndcm -drivers; suppests that there are
differences between the groups in terms of the dimount of complexity they arc'sensitive to, The
hypothesis  that higher level information processing mechanisms, o1 personality
characteristics, may ‘be involved deserves more careful study.in [uture investigations.

~ The above comments are’limited to the extent thal separate ANOVAs'do not provide a
‘unified picture of the effectiveness of the DVT, and because in the course of peiforming 20 F-
tests 1 would be expected that one would reach siatistical significarice at the .05 lével or two at
the .10 level by chance alone: In order to provide additional inlormation concerning the
validity of thc DV I"as a unified battery, and to overcome lhuu Ob_]CLll()nb & discriminant
dndlvms was perlolmed on the dge adjusted dala. :
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' The discriminant-analysis revealed that the main variables in distinguishing the Control- -
‘No-Accident Group from the Accident-At-Fault Group were, in order of importance: age,
complex RT, and DVA. In other words, the smgle most importiant visual function in
distinguishing between the three groups was dynamic wsualacunty Although the discriminant
function based on this analysis was able to reliably distinguish among the groups (p < .001),
“even with all variables included it would have correctly “predicted™ only 62 out of 179 for the
Accident-At-Fault Group (17% of the total sample); 37 out of 165 for the Mixed Group (14%),
and 88 out of 121 for the Control-No-Accident. Group (32%). Using this battery, one can
therefore correctly identify 639 of the drivers compared to 36% based on assigning all drivers
to the largest group. It appears. that the present battery would not prov1de asufficiently strong
llcensmg criterion.
‘ The general results with respecl to the predlcuve validity of the DVT are not overly
_promising when accident involvement is the criterion variable; i.c., these mcasures do not
© discriminate very well between drivers who were_]udged tobe* culpable inan accndent drivers
who were involved in at least one accident in a two year penod (not necessarily culpable) and
drivers who had not been involved in an:accident over ‘a two year period. Of all the tests
investigated, Dynamic Visual Acuity was the best in dlstmgulshmg poor from good drivers,
and was the only test in which the control (good) performed slgmﬁcantly better than the at-
'fault (bad) drivers. Performance on the central angular. movement test also distinguished
between good and poor drivers but was not very useful when considered with the rest of the
battery (discriminant analyses). .1t is likely that DVA incorporates some of the sensitivity
requirements for CAM and therefore the additional value of CAM is minimal. One reason the
other tests may not have yielded better discriminability is that they measure very specific visual
abilities; our analysis of driver performance in actual accidents may have been too general, or
" too crude, for these detailed visual variables. Therefore, the followmg section attempts to use
shghtly more detailed measures of driving performance.

Validity Assessment—Recogmtlon Error Analysis

'

A more detailed questlon concernmg the validity . ofthe D\’T is whether the occurrence of
certain types of driving errors is related to performance on certain vision tests. Since a sizable
proportion of at-fault drivers were judged to have committed “recognition errors"—including
improper lookout, external distraction, etc.—one important question is whether drivers who .
.commit such errors. perform differently on the vision tests from drivers who commit other
types of errors (e.g., decision errors) or no errors. lnformatioh on this question is provided by
comparmg the test scores of accident-involved drivers who commifted. recognition errors '
(Non-Recognition Error Group, n=42), and accident-involved dnvers who commmed no
errars (No Error Group, n=80). ‘

The same vision tests were selected for this mvestlgatlon asin Lhe previous section, and the
average score on each of the basic vision tests for each error group is shown in.Table 2-9.
Separate one-way: ANOVAs were conducted comparing the group. means for each test (raw
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| .. . . Table 2-9

Selected DVT Scores by Error Group

" Error Group
Recogni- . Other human = No I Age
" tion Error error error " ANOVA Adjusted -
Vision Test (N=70) : {N=42) {80) F P P
Fv-L* 87.4 88.8 88.1 1.02 ns ns
FV-R* B8.2 888 . '88.1 "1.00 ns- ns
DAI-80-L* 74.4 778 - 774 143" ns 10+
DAI90-R* 757 77.3 749 . 100 ns ns
DAL35-L* B3 335 - 3386 1.00 ns ns
DAI-35-R* - - '32.8 a0 328 330 - 1.00 ns Coons
SA-N-¢ A3 215 . 22.4 1.00 ns . . ns
SA-LL. - ; 856 86.9 80.3 1.00 ns 02++
|sAVG T T 629 61.9 " 607 1.00 ns' ns
CAM-Th, oo 08 ' 86 98 1.00 ns : ns
CMD-Sm. T - 4.0 - 43 43 1.00 ns ns
CMD-Lg. . - 99 - 9.3 10.8 1.00 ns ns
DVA . 45.0 489 © 453 1.00 ns ns
SRT C 48 47 ‘ 46 1.00 ns ns
CRT .- - 58 ‘ 56 .56 1.00 ns ns
|CRT-SRT - 10 _ .09 ‘ 09 . 100 ns - ns -

* High score indicates good performance, for other tests low score indicates good performance
+ When adjusted for age effects the means are 73.9, 78.0, and 77.8.
++ When adjusted for age effects the means are 88.3, 89.9, and 74.8.

data) and comparing the group means on each test adjusted for age (age adjusted data); ‘

None of the tests yielded significant differences between the three groups, based on'the raw
data. When adjusted for age effects, DAI-90-L became marginally significant, and SA-LL
became highly significant. In both tests drivers who committed recognition errors performed
worse than accident involved drivers who committed no errors at all. Conclusions based on
these findings, cspec1ally concerning the DAI-90, should agdm be’ quallfled because ofthe hlgh

. likelihood of a single significant effect due to chance alone!

A discriminant analysis conducted on the three groups yielded a stgmﬁcant funcnon but
the function was able to accurately assign drivers to their respective category in only 45 percent
of the cases compared to the 42 percent accuracy obtainable by dsugmng all drwers to the
largest. category . ' oo .

T hese results like those in the prev1ous section, do not provide overwhelmmg evidence tor
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‘the validity of tr:e DVT as an accident predictor. The linding that most vision test scores aie

apparently unrelated to recognition errors was surprising. Since the most common recognition

errors committed by the drivers were improper lookout, inattention, and internal and external

distraction, these results suggest that most recognition error accidents are the result of the

visual information not reaching the sensory system at all (e.g., improper lookout due to

looking in the wrong direction) or at a more central level in the information processing
~ system—not processing information that  was available to and physically resolvable by the
visual system (e.g., inattention due to being preoccupied). In the latter case the driver may be
described as a single-channel information processor whose central processing system is
lemporanly blocked to 1ncom1ng visual inputs.

Validity Assessment—Collision Type and
Speuﬁc Visual Impalrments

Therc still remains the possibility that the variety and complexity of accidents makc any
expectation to find a simple relationship between accidents and vision unrealistic. In this sense
it is possible that our classification of error types was not sufficiemly sensitive to reflect the
effects of visual limitations on driving. An alternative approach, originally taken by Babank
(1968) would be to look at specific accident conﬁguratlons and hypothesize which visual
functions would have been involved. Thus a specific visual impairment such as tunnel vision
(i.e., narrow visual field), may be a causal factor in a specific type of collision such as right angle
accidents. To test for such a possibility right angle (RA) accidents were singled out. The
hypothesis to be tested was that people involved in RA accidents will have a narrower cifective
peripheral field or, in terms of performance on the DVT, will have lower scores on the FV test
and peripheral movement detection tests than drivers involved in rear end (RE) accidents
- (which can be considered as a control group). Similarly, predictions were made with respect to
other tests; specifically, DAIl, DVA, peripheral and central movement detection. It was
predicted that of the drivers with poor DAI, PAM, and PMD, the proportion involvedin RA
accidents will be greater than the proportion involved in RE accidents. The reverse prediction
was made with respect to CAM and CMD, for which it was cxpected that poor vision drivers
will be involved more in RE accidents than in RA accidents. The relationship of DVA to
involvement in the two collision types was also tested (simply because most previous analyses
have shown it to be the most relevant vision test) though no a priori prediction was made.

Contingency analysis of each of the above mentioned: vision tests as a function of the
collision type was conducted, and the significant findings are shown in Table 2-10. Two
measures of peripheral sensitivity showed that involvementin RA accidentsincreases as (1) the
ability to identify targets in the peripheral field decreases (DAI, Table 2-10a), and (2) the ability
to detect movement of objects approaching the driver {rom his pc.upheral lield decreaseh
(PMD-Large, Table 2-10b). ‘

The first measure, DAI-90-Left, indicates that as the ability to rapidly detect and identify
targets in the left field decreases, the involvement in RA accidents relative to RE accidents
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decreases. It is mtereslmg that this' rclalmnbhlp CXIstS lm ‘theleft field only, since this is
typically the side of the road with a grealer unobstr, ucted field Of view. Perhaps more surpr mn;,,_‘
is that none oflhe Field of Vlew measures were blgmhcdnlly lle[Cd Lo dLCldcnt type. Itsuggests

Table 2-10

Contmgency ‘Tables for Involvement in nght Angle (RA) and Rearu: :
End (RE). ‘Accidents as a Function of Vision Scores (Numbers in
Parentheses Represent Percentages)

‘ VDAIEQO-Lefti(wa)‘
50 -70 80 - 90

Accident n % n % n % | Total ]
RA 29 (40). 29 (40) Co1eon) . 7
RE' 9 (20) 18 (a1) 17 (39) 4.
=738 p= .12 o / '
, PMD-Lajrge {10b)
Accident 26 SR P T+, S Total. .
RA 23 () - &) - - -
RE \ 28 (67) 143 - 2
=1944, p= 02 : . ' ' ‘
CAM-Threstiold (10c) |
Accident 2 4-8 C12-64 . Total’
" RA 21 (30) 723 (33) 27 (3D . 71.:
RE ST () 3167 . 18 (18) 56
X2 = 1575, p = 03 ‘ , '
| DVA (10d) o
Accident - S 03 20/40-201100 ., Total
RA o2 @) a9 69 - o7
. ORE 9y ) 36 (80) L85
X2 1101,p=05 | .

NOTE: The _X? and significance levels are based on the same tables prior to collapsmg across several
fevels of scores on the vision tests..
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that more lmportant than a’large fleld is the ablhly to effectively monitor: the flL]d with foveal
fixations.

The PMD measure was both highly bxgmhcant (p< 02) and hxghly charactcmtxc of actual
right angle traffic conflicts in which either one of the two drivers is not aware of the
approaching car, 1.e., the peripheral movement-in-depth toward the driver (PMD-Large). The
effect of CAM was also sxgmflcant but hard to irterpret since the proportion of RA accidents
was greater than RE accidents for both the drivers with the poorest and-best CAM scores. The
trend was reversed for the majority of drivers who fell between the two extremes. ,

- Finally, dynamic visual acuity—by far the visual ability that i is most consistently related to
accidents—was also significantly related to accident type; poor DVA increases the
‘ mvolvement in both accident: types but the increase is sllghtly greater for RE accidents (Table
2-10d). :

Valldlty Assessment—Case ‘Studies

During Phases 11-V of the’ TAC project, in only exght cases was reduced vision c1led asa
causal factor. Of these eight; five of the assessments were based on DVT performance while the
‘other three were based on the drivers’ own reports (Phases I-III; before the DVT was avail-
able). The only conclusion that can be drawn from these data is that reduced vision played a
minor role in the accident sample obtained in this study; i.e., in only two percent of the acci-
dents. This, no doubt, is due to the over-represeritativeness.of young drivérs in Monroe
County (college town)—l e., high accident drivers with- good vision. Notwnthatandmg these
qualifications, it might be noted here thatin the remaining five cases SA-N was 20/ 30.0rbetter,
but other measures—DAI, DVA, and PMD—indicated impaired vision. Intelestmglv these
are the same measures that' were statistically. significant in“the previous dlldlyblb where
colhslon type was related to- spec1f|c visual impairments.

2. 1 5 Summary, Conclusions, and Recommendations

Meéthodology and Results—-A Driver Vision Test (DVT) Wthh is'an mtegrated battery of
12 different driving related ‘tests was admmnstered to 358 drivers. The tests are assumed. to
measure the followmg visual skills, ‘

‘ 1. Static acuxty—ln normal 111um1nauon low-level lllummanon Velllng glare, and
- spot glare. : ‘

2. Foveal movement aculty—-The ablhty to detcet direction’ of small angular
movement and- movement in-depth.

3. Field of v1s10n—The effective visual field for target detection, and identification’
(with and thhout eye movements)

4. Dynamxc v1sual acuny—'l'he resolutmn tlmshuld lm angularly mmmg largets.

5. Peripheral movement acuny—Sdme as 2 exeept that'the observer views the target
‘ penpherally :
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Reliability analyses were conducted on 51 drivers stratified by age and sex according to
accident involvement for the general populatton ‘These dri vers were admlmstered elght of the
12 tests on two occasions, approximately one week apart :

The main fmdmgs pertaining to the reliability, placucalnty and vahdny of the DVT inits
present form can be summarlzed as follows:; ~

1.

" Test-retest correlatnons were statlstncally sngmflcant on most of the tests but were
adequately high ‘on only three tests: static acuity in nonm.xl illumination (r = .75),
static acuity in the presence of spot glare (r= 92) and dynamic v1sual aculty
(r = .88).

Significant learning effects (improve‘d performance during the retest) were observed
for only three of the tests (static acuity—normal and with $pot glare, and foveal

angular movement). These changes were atlnbuted to lack of understandmg ofthe_
task during the initial test session. . :

."An in-depth analySIS of the “less reliable™ tests revealed that in all but three ofthe‘
tests (foveal angular movement, foveal movement in-depth, and static acuity with

low levels of illumination) the low test-retest correlations were due to a limited
range effect—i.e., the differences in visual capabilities between the drivers tested

- were small to begin with; consequently magnifying changes in performance between

the two sessions.

. The pracucahty of the DVT was assessed w1th partial test-retest correlatlons

controlling for change of test administrator and change in the time-of-- day (morning

~ vs. afternoon) between: test and retest. None of the correlauons were s1gmfxcantly

affected by these two variables.

Inter-test correlattons and a principal component factor analysis were conducted to
see if any of the tests can be eliminated on the basis of redundancy considerations.
The main results showed. that all four tests of static foveal acuity corrfelated with

“each other more than with any of the other tests,"and dynamic visual acuity

correlated highly with most of the measures reflecting movement threshold acuity.
These results suggest that for llcensmg purposes the DVT could be sngmftcantly
shortened. - ‘ PN

The usefulness of the DVT as a vélid indicator of drivers' accident involvement was
assessed by measuring the relationship between drivers’ DVT performance scores and their
accident involvement. The main results from these analyses indicated that:

1.

Dynamlc visual acuity (DVA) is the single best test that discriminates- between
accident-at-fault drivers and the control group dnvers, once the effects of age are
controlled for.

. Static acuity under low levels of illumination of drivers judged to have committed

-38-



' perceptual recogmtlon s slgmhcdntly poorer than thé dLUll)’ of duveerudged xo
‘have committed no errors (20/88 vs. 20/75)

3. Individual case by case analysis of right angle collmonb rcl‘mvc tor earend collmonb
revealed that involvement in right angle collisions incr eases as perlpherdl awaTeness
and acuity decreases, while involvement in rearend collmons Increases as the ability

" to detect angular movement btralght ahead decreases.

Conclusnons and Recommendatlons-— I'hese rcsulls suggeat that the DVT can be
considered adequate for testing fovead! static acuity under normaland g glare conditions but may
be less than satisfactory for measuring static acuity under low levels of illumination unless a
sufficient dark adaptation period is provided. In addition, the DVT yields a stable measure of
dyndmxc 'visual acuity and ‘effective visual field. The present administration and scoring
proeedures make measures of both ¢entral and’ penphera] movemem acuny too unreliable to
be useful.

* For licensing purposes the administration of. the DVT requ1res too much time and the
equipment is bulky compared to the devices presently in use (e.g., Keystone Telebinoculars).
An improvement in.both respects could be obtained by retammg only those tests which are
detinitely related to driving ability, and are independent of each other. The factor analysis and
validity analyses suggest that two such tests may be foveal static acu1ty;under low levels of
illumination, and dynamic visual acuity.

Before such recommendations are implemented, the reliability of 1he presently unreliable
tests must be lmproved This is necessary before any definite conclusions about their relevance
to dnvmg ablhty and accident involvement can be made. The general pattern of the results
obtained here suggests that’ relxabxllty can be greatly i 1mpx oved by increasing the possible range
of scores on the one hand, and accuracy of measurement of the other hand. A methodological
improvement incorporated in a newer version of the DVT pxesen[ly bemg developed by
Honeywell, Inc., is aimed at achieving these goals. . -

In summary, in its present form, of the more reliable measures obtained {rém the DVT,
DVA (dynamic 'visual ‘acuity) appears to be the only variable which is consistently and
significantly related to- accident involvement. Static acuity’ under normal
illumination—presently the only visual screening criterion in licensing tests—is apparently not
a causal factor in accidents; or at least not within the range of foveal acuities tested in this
study. The importance of other measures of visual performance (e.g., SA-LL, PMD-Large)

cannot be determined before the reliability of these measures is 1mpxoved

2.2 Driver KnoWledge Test‘

2:.2.1 Introduction and Overview

The National Highway Traffic Safety Administration (NHTSA) has gathered a pool of
multiple choice items concerning many facets of information relevant to'safe driving. Since

-39.



' tests of driver knowledge are used in state licensing, and in industry, the NHTSA pool allows
for a more careful analysis of the effectiveness of a driver knowledge test.

The purpose of the present investigation was to evaluate the extent to which knowledge of
the driving task—as measured by a paper and pencil test—correlates with accident
involvement. Although the results reported below do not support the notion that the two
measures are at all related to each other, the repeated examination of this issue and its practical

" implications for driver training and screening programs warrant a detailed description of the
rationale underlying this study, the methodology used, and the results obtained.

The implicit assumptions underlying the use of paper and pencil knowledge tests by both
state licensing agencies and in the present study have been aptly stated in an interim synopsis of
an NHTSA contract for the “Development of a National ltem Bank for Tests of Driving

" Knowledge” as follows:

Measuring driver and driver-trainee knowledge of driving principles and
regulations through paper and pencil tests has long been a feature of most -
driver licensing and driver education programs. Such cognition measures are
logically assumeéd to be -predictors of individual driving success. That
assumption, however, is based on two somewhat tenuous contentions—one,
that knowledge required for safe, efficient driving is completely specifiable
and, two, that a driver’s knowledge is highly correlated with his driving
behavior. To a large extent, evaluation of the second contention depends on
successful completion of the first. (Highway Safety Research Institute,
University of Michigan, under NHTSA Contract No. FH-11-7616; February,
1972) ‘

The present study was conducted at the Institute for Research in Public Safety (IRPS) as
~ part of an ongoing accident investigation effort, in order (o establish the usefulness of tests of
. driver knowledge as indicants of accident involvement. It was hoped that, based on the
- University of Michigan study quoted above, and the systematic item selection procedure
detailed' below, the first contention would be satisfactorily completed so that the second
one—the relationship between knowledge and accidents—could be validly measured.

2.2.2 Method
: Subjects

The subjects were 178 drivers from an Accident Group and 133 drivers from a Control
- Group, as described in Section 2.1.3 of this volume (subjects were the same as used in the vision
testing program). C

Selection of Items

. Table 2-11 shows the set of 20 multiple choice, four-alternative, questions concerning
driver knowledge that was selected from a pool of 246 items collected by the University of
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'_In Depth Human Factors Form
Driver Knowledge Questionnaire

- FN=DBEPTIE U
5.5 3. Duplicate columin 04-14 DRIVER KNOWLEDGE QUESTIONNALRE

BT DT U3 from page 1 from Array 55.

PACTOIG FONM

Table 2-11

Number: ) Numbcer:

In-Pepth Case ~Traffie Unit

Plecase read cach question caréfully and

it, Indicatc your choice by placing an

selecl the one response that ycu focl Lest answers

that you answer cvéry question and that you mark onc and only one respoﬁscl

x" in the corresponding blank on its left. Be sure

l. Under normal conditions the top 6. When you want to make a right turn
speced limit for driving 1n a into a driveway you should:
business distriet is: ' N .
X (1) Avoid stopping on the road.
(1} 15 mph (2) Swing to the left before maung
(2) 20 mph - the turn.
~(3) 25 mph vs )3 Signal after you. lJegxn to turn; _
X (4) 30 aph "T7(4)- Signal the traffic behind you to e
. pass ~
2. 1f therc are no painted lines on the ' T

road you: . 7. If you come to an intersection that
: ) - is hard to sec around because of

(1) lay drive anywhere on your side. trecs or buxldans

X (2) Should drive as if therc were
~ lines. __(1) Procecd as if there was a.yield
__13) should drive wherever traffic sign at Lhc intersecti'on.
18 moving the fastest. __{2) Stop ncar the center of the .
_(4) May dnve in the center of the e ° intersection and then continue
road. when it is safn. .
. o _ {3 slow down and blow your hoin
3. When drivinq at dusk or .dawn, or _to warn drivers who cannot
on an unusually dark day: see you. ' —
X (4) stop at the intersection and 31
__[1) Turn on your parking lights.: edge forward slowly.
__(2) Keep your sunglasses on to cut
down headlight glare. 8. The most dangerous time to dri:e
(3) Turn your lights 6n high beam. 7 in the rain is:
X (4) Turn your lights on low beam. . . o . . . .
__(}) Just beforc the rain starts
4. 1f your brakes are not holding beecause it gets, dark but most
' because they are vet, you should: motorists have not slowed down
yot.
__l1) Continue dnv;ng and they will X (2} Just after the rain starts be-
. dry off. - . cause the rain mixes with road
) X (2) Keep ona foot on the gas and pne film making the roads slich.
| .--lighitly on the hrake until dry. __{(3) After it has raincd for about 30
__(3) stop on the side of the road minutes because the rain has
. . and wait for them to dry. . washed away all the grit that -
__{4) Don't use your brakes until they e gives you traction
are dry. (4) Just alter the rain stops hccause
othcr motorists can, sce again,
5. For driving on sand or snow, the and start to drive faster but 2t
best forward traction can be the strecets are still wet.
attainca:
9. If brakes are applied continually,

(1) By letting air out of the rcar such as is necessary when coming down
tires so they are several pounds a long, steep grade, they may become
below. . very hot. k‘hen this happens:

__[2) By letting air out of the rcar o
tircs and adding weight over the __{1) The brakc warning lamp on the dash-
driving whoels board will come on.

—[(3) By simply keeping the tires at X(2) 1he brakes will loose their ..Lopp\ng
their recommended prussurc. ability. :

X (4) By adding weight over the drivang (3) The brakes will improve in cffective-

' wheels and kecping them at - ness; brakes work best when hot.
recommend or slightly higher. s [{__4) The brakes .should. oporate nooamally, .
prescure. since hcat has very hr.t:lc '-ffecL ™

. . ! on them. .

A A G A
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. Table 2-11 continued

FPACITORS FORM
QUESTTONHAL RE

7

10, 1f you are driving at high speed

and have a blowout, you should:

Let go of the steering wheel
because the car will straighten
jtself automutically.

Step hard on the brakes: to
stop as quickly as possible.
Apply the bLrokes gently, with
exlreine caulion.

Pull off the road first then
slow down.

[

If the recar of your vehicle is
skidding to the left you should:

11.

__ (1) Move the steering wheel back
and forth in a zig-zag pattern.
Turn the .top of your stecring
wheel to the laft.

Hold your steering wheel from
moving until out of the skid.
Turn the top of your steering
wheel to the right.

,_x‘(zl.
3
L))

12. If you cannot stop in time befove
hitting another vehicle, it is

best to:

_ (1) Gradually slow dw¢n and then hit
ithe other vehicle.

Nlow the hora and continuc at
normal speed.

Try to steer around the vehicle
and avoid braking hard.

Remove your [oot from the gas
and put on the brake as hard

as possxble

2)

X0

)

13, If you have locked your vehlcle 5
. brakes and you arc sliding toward

__pnothcf vehiclc, you'shculd:
)
_@

X3

Attempt to steer araund the
vehicle! :

Sound your horn and flash your
lights., -

Pump your brakcs and attcmpt
to stcer around the vehicle.

_ (4} usc your emergency brake.
14. If you know that ycu will soon be
making a turn you should:

‘Look well ahcad~-to locate th:

turning point,

Dlovy the horn severil hundred

fecet before you turn.

__{3) Flash your bright lights to
warn other traffic. .

(4)" speed up so a8 to aveid makxng
- other vehxclLs wait.

X
_@

15. If the signal ai a raiirocad crossing .\’
does nolL indicate thal a trein as
coming you should: ' o !
(1) Spced.up‘and cros: 'the track
- guickly.
(2] Continue at ihe same upeed and
- check for a train before crossing,
X (3. Slow down and look bath ways.
::( ] Come to a complete stop before T
continuing across.
16..When passing a vehicle you should
retucrn to lhc r;qht side of the
road when: i
{1) You aré 50 feet in front of the
- passed wvchicle.
(2) The other driver s;gnals you teo
T do so.
{J3) You have cleared - front bumper
- by a vehicle lcngt‘. .
X (4) You can sce its cntire front end e
in your rearview mirror.
17. It is best to check tire pressures:
X (1) After the car bas been parked for
a long time and the tires are
"coid".
(2) nfter the car has ueen driven
vigorously anc¢ the tires are "hot”
(3) whenever convenient; it doosn't
= matter if the tires are hot or
cold. : o
(4) With the car on a lift, so that "
there is no weight on the tires.
18. When driving through foy at nlth,
you should use your:
__ (1} High beam hcadlights.
TT(2) Parking lights,
X (3) Low beam haadlights. i1
“7(4) 1-way flashers. -
19: #efore leaving the rcad te avoid
hcad-on crash you should slow down by: )
X (1) Pumping the brakes.
" (2) Applying constant pressure on the
- brakes. _
(3) Turning off the cnqch 11
T"(4) shifting into meutral.
20. At night ynu shoutd drive slow
cnouyn to be able to stop withaia:
(1) 5 car lengths.
( ) The distance lighted by your
headlights.
(3) The time it tanes far a light
- to change from yeliow Lo red. .
(4) 10 scconds from the time you LI
- hit the brake.

Reproduced from
best ava||ab|e copy.
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N Mlchlgan (under the above-referenced contract), and from a pool of items contributed by

appropriate members of the staff of the Institute for Reseaich in Public Safety. The latter were
added to fill apparent subject-matter voids, particularly in the area of vehicle maintenance and
effects of degradation. First, to eliminate questions in'which performance is confounded with
verbal ability, all items from the NHTSA/Michigan pool that correlated with verbal ability
above the first quartile (r > .09) were eliminated. In addition, items with test-retest
correlations below the median (r. < .47) were also ¢liminated from consideration. {(Note that
verbal skills and test-retest information of this kind was not avaﬂable for the IRPS-
contributed questions). The conjoint application of both criteria ylelded a pool of 61 items (out

_of the original 246). Second, judges from the IRPS multi-disciplinary team who were familiar

with human, vehicular and environmental factors rated each of the 61 NHTSA items and each
of the items suggested by the IRPS staff on their “importance” for traffic safety. The summed

ratings produced a ranked ordering for the items. The resultant Driver Knowledge Test

consisted of the 11 most highly ranked items from the NHTSA pool and the nine most highly -
ranked items from IRPS staff suggestions, with all seven of the content areas cited by NHTSA
being represented.’ Time constraints on the already-extensive in-depth driver interview
precluded any lengthier testing.

Procedure . 7

Accident Group drivers took the 20-item driver knowledge test (DKT) as part of their in-

- depth interview. Control Group drivers took the DKT along with the battery of tests for

dynamic vision (DYT) described earlier (Section 2.1).
2.2.3 Results and Discussion
2.23.0 Age Analysis

Table 2-12 shows the average score on the driver knowledge test by questlon for drivers in

. each of seven age groups. Separate analyses of variance were performed on cach question.
~ There were significant effects due to age for questions 1, 12, 13, I4, and 16, arid marginally

significant age effects for questions 2, 3,6, 9, 11, 17, 19, and 20. In addition, the total DKT.
scores of drivers in the seven age groups differed reliably. The general pattern for total score,

" and for most of the mdlvndual questions, was for very young drivers to score relatively low, 20-

34 year old drivers to progressively score higher, and for scores-to fall progresswely after age
35, with the over 65 group scoring the lowest of all. :

This general curvilinear relation between age and DKT suggests that age alone is not the
only influence on driver knowledge. The fact that DKT scores tend to. incréase progressively
with age only up to age 35 and then drop off suggests that the first years of driving may add
useful knowledge, but after about the age of 35, additional experience does not add to DKT
scores.

3 Preoperative procedures, basic knowledge, driving situations, vehicle care and driver conditions, driver
" responsibilities, vehicle code-laws and regulations, and tralfic control signs, signals and markings.
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" Tabie 2-12

Proportion Correct Response by DKT Question for Drivers in Seven
Age Groups | | L

Ques. | - - . - AGE GROUP s Total | Age Effects
| Below 20 | 20-24 | 2534 |35-44 | 45-54 | 5564 | 64 over | - F P
1 49 | a4 | 3| 3| .| B[ 1| 3|55 [<on
2 e | 100 | 9 [ 9| o | 7| 97 | 191 | <08
3 86 & | 9 | 95| 95 | 87| 100 | 91| 161 [<15
[ 4 85 | 85 | s | 55| .5 | 67| 67 56 | 24| ns
s | 3 | 2| 3w | 2| 27| w| 22 30 [ 83| ns
6 s | e | | mw| se| 4| 44 69 | 208 [ <08
7 61 | 5| 6 | 63| 68| 67 67 | 61 54 | ns
i | s | 8 | 2| e | e | s | 8| 9 | ns
9. 47 6. | 68 | 76| 7| 60 | 55 65 | 180 <12
0 | 84 | e | el @ | 97| 100 | 100 | % | 134 | ns
11 70 82 74 79 57 N 78 74 | 160 | <.16
12 8 | o p ol oSl oe | | 6| 388 | <o
13 63 | 65 | 73 | 50| 46| 36 | 3 60 | 296 | <01
14 o | e | 9 | @ | 10|10 | | 9|2 [<n
s | 72 | s | e | e| | e | | 7| e | ns
16 72 & | 8 | s | 7| 100 | e | 79260 [<02
17 3 | 49| s | 57| s 4] 2 |- 46210 |<o06
[ 18 o | @ | | o] o] w| 8 | | e | ]
19 st | s | e | | s | | 2 | e |20 [<oe
[0 | s | sm | | | et | s | aa | 65| 10 |<o7
Tkt | 140 [1a8 [s1 [ras [rar |3 | ne | 1as | 348 | <o
AR N D




2.2.3.2. Sex Analysis

Table 2-13 shows the average score on the driver knowledge test by question for males and
females within seven age groups. Separate analyses of variance were performed on each
question. Males performed significantly better than females on quesuons 4,9, 13 and"20;
males performed marginally better on questions 10 and 15; and females performed margmally
better on question 19. As can be seen-in the table, the superiority of males over females for
questions 4, 9, 13, and 20 is found in nearly every age group, and the general trend of higher
scores for males is reflected in the fact that the total score was srgmﬁcantly hrghcr for males.
The-questions best answered by males seem to concentrate on handling in emergencres and
mechanical considerations rather than on general driving style or laws.

2.2.3.3 Driver Education Analysis

Table 2-14 shows the average score on the driver knowledge test for drivers who received
formal driver training vs. drivers without formal training within seven age groups. Separate
analyses of variance revealed that the driver training group performed significantly better on
questions |, 6, 13, 16, and 20. The gquestions best answered by driver training people
(predominantly young) seem to emphasize general driving style and laws rathcr than
- emergency handling or mechanics. : ; )

The fact that the drivers with formal training perform better on the DKT provides some
encouragement for the effectiveness of drivers’ training courses. It is not possible, however, to
determine whether this finding is due to the effectiveness ol the course or to “self
selection”—the fact that conscientious, knowledgeable drivers are the ones who are more likely
to register for driver training courses. :

In addition, the fact that proportionately more young drivers had had driver trai’ning than
older drivers makes comparisons within age groups difficult, and also confounds the general
comparison between training groups. In general, however, these resultsare consistent with the
intuitive notion that formal driver training should increase drivers’ knowledge. -

2.2.3.4 Fagcror Analys:s

Another question concerns the internal structure of the DKT— for example, does it
measure one general driving ability or several independent basic abilities? Does each question
tap a separate type of knowledge or are some of the questions redundant? In'order to answer
these questions, a factor analysis was performed on the DKT scores of all drivers. Since

-questions 2, 3, 10, 14, and i8 were extremely easy, and therefore nondiscriminating among
drivers {answered correctly by over 90% of the drivers), the factor analysis was conducted on
the remaining 15 items only. No stable factor structure could be obtained, suggesting that each
of the 15 items was a separate factor. Interestingly, the items within content areas are as
independent of each other as items between content areas. Thus, the analysis suggests thateach
question measured a separate, independent and specific kind of driving knowledge. . =~
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Table 2-13

Proportion Correct Response by DKT Questlon for Males and
Females by Seven Age Groups

Male o o : Female

' , D ’ L ' L. Sex

Ques. Below 20- -~ 25- 35 45 55- 6B5& Total . Below 20-. 25-. 35-- 45 55- 65& .Total - -Effects
20 24 34 44 54 64 Over Male 20 24 34 44 54 64 OQver Female °F p

1 -5 4333 1 04 40 00 33 42 48 38 15 14 20 50 .3 00 63
2 100 100 097 94 9% 9 8 .9 95 100 98 95 100 .80 1.00 9 07 ns
3 "84 B8 95 89 9 90 100 90 " 89 80 97 100 93 B0 100 2 2% ns
4 6 59 56 61 70 70 86 & 62 42 48 58 50 21 60 00 . 47 689 <01
5 ‘34 2 28 28 26 10 .14 28 47 28 "33 25 20 2 50 3 123 ns
B 79 63 78 78 57 30 29 67 69 76 73 75 57 80 100 .72 91 .ns
7 81 8 -5 72 6 8 N 60 63. 48 68 55 .79 80 50 62 23 ns
8 71 8 9 100 T 9% 90 86 .8 90 76. 80 85 71 100 100 8 -8 ons
9 8 71 B0 100, 9 70 5 74 32 5% 5 55, 50 40 50 51 1827 < .01
0 8 %2 ‘97 94 100 100 100 94 79 92 88 90, 93 100 100 89 274 <10
N 61 80 B2 8 61 78 71 . 74 90 84 67 75 50 60 100 .73 -01 ns
12 6 75 80 78 577 78 4 . 6 . 79 B0 65 65 43 80 00 -6 14 ns
13 7 67 B4 67 55 44 .43 69 37, B0 63 35729 20 00 . 47 1544 <O
9% % 100 100 100 100 8 9 T100 9 .98 95 1.00 100 .50. 9 06 ns
~ 15 . 74 -84 B2 - 83 74 78 - 86 80 68 7278 80 71 40 50 74 175 <18
- 16 74 % 84 56 8 100 57 "8 .. 68 - 80 80 .70 71 100 100 77 58 ns
17 .34 47 51 67 - 70 2. 29 48 . 47 - 52 49- 47 2900 . 00- 4 52 ns
18 9% 9 9 . 94. 9 100 100 95 9 9 95 85-100 .80 .50 93 40 - -ns
19 5 77 68 2 6t 6 2/ 65 9 7 70 75 8 8 .00 73229 <14
20 . 53 .69 .85 .89 .68 56-..57 .70 - -58- 5 70 60 50 .60 .00 59 355 < .06
Total 141 149 155 155 149 135 123 147 139 145 147 137 129 130 105 140 587 <.02
" DKT

_.’T‘- 38 .51 3% .18 23 .10, .7 186 1925 40 20-.-14 57 2 125

o2
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Table 2-14

Proportion Correct Response by DKT Question for Drivers with
‘Formal-Training and Drivers Without Tralning by Seven Age
Groups

: -No Training . - Training - Training
Below 20- 25- 35 -45- 55- 65 TotalNo Below 20- 25 35- 45 55- 65 Totalw/  Effect
Ques. 200 24 34 4 5 64 Over Training - 20 24 34 44 54 64 Over Training. F . P
1 .50 3 32 10 07 33, 11 2 49 '4& 3y 2 3. - - 42 1347 < .01 -
-2 83 100- 100" 83 100 87 .89 . 100 100 .97 100 .88 - - .98 229 <.10
-3 67 .83 100 93 97 - 97 100 92 88 86 94 100 B8 - = .90 51 ns
4 .50 39 56 59 48- 67 67 .54 56 60 57 4 .63 - - .57 34 ns
5 .67 a7 -9 0 A 24 13 2 .26 3B B B 11 38 - - .33 184 ns
6 .83 44 67 .16 .55 47 4 60 75 J4 719 .78 63 - - 75 8.53. <.01
7 B3 4 56 66 - 69 67 67 63 59 55 65 .5 63 - = .59 K1l ns
8 .B3 67 .80 93 - B3 93 .89 8 a7 8 87 .89 100 - .- .84 00 ns
9 .67 4 64 79 72 60 56 66 45 72 M 67 88 - = 64 - 05 ns
10 .83 84 92 97 97 100 1.00 .95 84 91 93 78 100 — B9 . 354 -<< .05
i &7 78 15 719 59 N .78 .72 71 8 74 78 50 — 75 29 ns -
12 83 J2 76 72 .48 79 N 65 67 78 70 67 .83 - - .7 147 ns
13 b7 . % 79 82 4 36 .33 53 63 6 70 4 83 - = .66 522 <.05
14 100 100 9% 97 100 100 .78 .97 96 . 85 100 1.00 100 - - 7 03 ns -
15 .83 67 76 8 72 64 78 .75 71 8 83 78 75 - - .." 1.00 ns -
16 .50 61 75 62 .79 100 67 72 5 9 B8 67 75 - - .84 638 <.01
17 A7 44 3 6 52 14 2 42 A1 50 5 4 83 - = .50 1.86 ns
18 83 94 96 93 97 93 B89 .94 -9 93 94 78 100 - - 94 - 00 ns
19 .83 89 58 76 - 68 7N 22 .69 59 71 74 67 15 - - .68 o ns
20 .33 44 68 76 54 5 .M 59 - 57 69 B2 .67 B8 - - - .70 411 <05
Total- 142 134 143 149 139  133- 119 139 140 152 154 136 149 14.8 956 <.01

"N U6 18 2% 20 29 159 131 . 51 58 5 9 8 h 180



2235 lnvolvemem Analysis S - SRR

In order to detcrmine Wht,lht.l dnvu I\nowled;,«. Is n,l.m,d to dinyel pulunnanu. lwuagu '
scores on each question. of the driver knowledge test (DKT) were compared among three
groups of drlvers as described in Section 2.1.4.6: 1) Acc:dent-at-Fault Group; 2) Mlxed
Group; and 3) Control-No-Accident Group.

Table 2-15 shows the average proportion correct on each of |5 questlons {or each of the
three involvement groups. Separate ANOVAs comparing the groups for each question and
for total DKT score revealed no statistically significant differences among the groups. Thus,
there is no evidence, in this analysis, to support the idea that driver knowledge as measured
by the DKT is related to accident involvement.

One possible reason for the failure of the DKT to dlstmgulsh among the groups could be
that the test covered basic.information that any driver would have acquired during a short

Table '2-15

Proporhon Correct Response by Drlver Knowledge Test (DKT)
Question for Three Involvement Groups =

Involvement Group

.Question . Accident ~ Mixed = . Control No
S | AtFault : "+ - Accident F. P
1 .30 32 37 © 63 ns
4 .60 54 ' .85 .38 ns
5 31 23 N 35 1 . 145 ns
6 67 72 68 32 ns
7 62 82 5 a8 ns.
8 82 87 - 8 . 51 ns
-9 | 64 . 61 69 .. J0 ns
n" . .18 11 R 74 .79 . NS
12 68 72 66 42 ns
13 .60 .60 60 .. .00 ns
15 © B0 74 18 48 ns
16 74 B . 4 1.68 <19
17 52 A7 R | N B i ns
19 65 .67 ‘ .73 .7 ns
20 .65 ‘ .60 69- .87 -~ ns

‘Total . 949 , . 93 948‘ - .18 ns

NOTE: The Total row represents mean- number of correct responses out of the 15 |tems N for each
group is 95, 87, and 120. ‘
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peried of driving experience. Secondly, the fact that accident-involved drivers may have
acquired new driver knowledge as a direct result ol their aecident would w,“““l\ly linit the
effect of DKT scores given. after the-accident. A third problem—similar to that with the
DVT—may be that the DKT covers many very specific kinds of knowledge, and that our
criterion of accident involvement is too broad. The followmg sect1on is an attempt to mspect.
:!rlver behavnors in more detall ' . :

2 2 3 6; Error Analysis

In order to determine whether specific accident-causing driver behaviors are related to
specific areas of driver knowledge, a more detailed analysis was performed. For this analysis,
ten hypotheses on the relationships between specific acciderit causes and knowledge in specific

_areas were generated. Each “hypothesis is represented in Table 2-16 and was formulated as
follows: Drivers failing to answer question nuimber X correctly will be more likely than notto
‘be involved in an accident caused (at the certain and/or probable level) by factor Y. A Chi
square analysis in which the answer was scored correct or incorrect and the factor was listed as
cited or not cited was conducted on each of the hypotheses; and the results, as shown in Table
2- 16 do not reveal any significant relationships. The one marginally significant result obtained
(P =:16).was for the hypothesis relating knowledge of proper recovery.from sklddmg {No. I l)
t and the “1mproper driving techmque causal-factor, . . -,

S Table21s

The Relallonship Between Speciflc Accldenl Causes and Speclﬁc
"Causal Factors. |

" DKT question Causal Factor Chi Square - Significance

number ' o df=1

2 . Ambience related’ Ar : ns

7 ‘ . Improper lookout 14 ns
- Slick roads’ ’ J6 ' ns
‘1 ’ Vehicle factors . .01 ns
11 i Improper driving technique ‘ 1.98 16.
-1 Improper evasive action* - . -

12 Impropez evasive action* — —
13 . ... s . Improper évasive action® . — C -

17 Vehicle factors : ©14 . ' ns

19 . Improper evasive action® - . -

-, *This” hypothesis could not- be tested- since none of the accident group drivers takmg the DKT were
cited for |mproper evasive action. .
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‘ These generally negative results show that even at this level of focused examinations,
accident involvement and driver knowledge as tested here are independent. It is very likely,
however, that the driver knowledge test results were biased due to discussions that the drivers
had with friends and/ or family about their accidentjust prior to the in~-depth interview. In fact,
several drivers even stated that “now they know” what they should have done. This gain in
knowledge—while useful in itself —would probably wash out any relationship that might have
existed between the accident cause and driver knowledge at the time of the accident.

2.2.4 Conclusions and Recommendations

The general trends of the present analysis of the driver knowledge test (DKT) are:

1. DKT performance is related to age, with older drivers performing most poorly and
rﬁiddle-aged drivers performing best, in general.

2. In general, males obtained higher DKT scores than females.

. 3. For some questions, drivers with formal trammg obtained higher scores than drivers
without training.-

4. Each question - may be considered to be measuring a separate independent aspect
of driver knowledge.

5. There was no evidence of a relationship between DKT score and accident mvolvement

6. There was no evidence of a relationship between the performance on specnﬁc DKT
questions and type of driving error committed. ' .

- Despite the discouraging results obtained here, itis quite unlikely that all aspects of driving
performance are unrelated to all the content areas identified by NHTSA or all the required
driving skills identified by McKnight and Adams (1971). The results obtained here suggest that
when driving performance is measured by accident involvement, other skills and knowledge
not measured by the DKT may be relevant. Since the intent of this research is to identify
accident-causing behaviors and remedial approaches to these behaviors, it might be argued
that more specific and relevant definitions of driver knowledge should be tested. The following
are two general recommendations based on such definitions:

1. Driver knowledge should be tested in the areas that have been determined 1o be the major
causes of accidents; and immediately following the accident, before any additional learning
takes place. Questions that assess proper lookout techniques, awareness of inattention risks,
proper evasive ‘maneuvers, etc., are probably more relevant to accident avoidance than
questions dealing with maintenance and knowledge of traific regulations.

2. Driver knowledge of accident avoidance maneuvers should be tested under temporal
stress. Drivers frequently report that they “know™ that they performed an inappropriate
avoidance maneuver but responded “instinctively.” When taking the DKT, these drivers often
answer these questions appropriately. I a new test is designed, it should test both whether
drivers know the right answer and how much time they need 16 reach this decision. If passive
knowledge—even under temporal stress—i» not enough, then knowledge of avoidance
maneuvers should be measured in an active simulation environment where the dnver will be
-required to actually perform the approprlate motor response.
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2.3 Methodology Development: New Driver Measures

2.3.1 Introduction

- This section presents the results of an effort to develop new driver measures which would be
uéefu[ in the context of accident investigation studies to better understand the question of “who
makes.what kind of on-road behavioral errors leading to accidents.”

Results were consistent with the idea that personal maladjustment and social
maladjustment are related to accident involvement. To a lesser extent, cognitive abilities (as
measured by a test of clerical abilities) and impulsivity were also found to be related to
accidents. ‘

The materials in this section are organized around the following sequence of activities:

Literature review

.Pilot test on pool of 23 high accident and 23 no accident college students
Validation study on 7 high accident and 7 no accident college students.

Post-hoc study of 287 drivers based on in-depth accident investigations
already completed.

v

2.3.2 Background

One question which has generated con51derable interest within the traffic safely hterature is
what could be called the “human factors problem”—the problem of ascertaining the
dlstmguxshable characteristics of the over-involved or “problem driver.” Most research in this
area has involved comparing the demographic, biographic, attitudinal, personality, driving
knowledge/experience, or skill characteristics of “problem drivers” (generally defined by
number of accidents or violations pertime frame) vs. the characteristics of the general driving
population, Such studies have produced an impressive list of variables, to be discussed in the
remainder of this section, which have been found to distinguish between problem and normal
drivers; however, this work has produced few theories useful for training and remediation, nor
have relations involving theoretically interesting human factors been very strong (for reviews
see: McFarland, Moore and Warren, 1955; Goldstein, 1961, 1962; Miller and Dimling, 1969;
Selzer,,‘aAnd Vinokur, 1974). This work has also generated some potentially important
measurement devices for detection of the “problem driver;” but such devices give few clues as
to the “causes” of poor driving behaviors, dre based on locating “the problem driver” rather
than locating tendencies towards various types of poor driving behaviors, and have achieved
dnly limited success in selection when validated against accident; violation rates (see: Haner,
1963; Pelz and Schuman, 1970; Schuster and Guilford, 1964, McGuire, 1956; Selzer and
‘Vinokur, 1974), .

The present review attempts to advance, and hopefully clarify, this worthwhlle research
“effort by suggesting more integrated investigations of independent variables (i.c., measures of
.human factors) and more detailed analyses of dependent variables (i.e., measures of driving

behaviors). First, rather than deal with the myriad of human factors on the level of raw
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" empiricism (as was so successfully done, for example, in the famous “California Studies™), the
independent variables to be considered in the present paper will be limited to a number of
theoretically mterestmg human traits which may be related to on-road behaviors involving
Tisk- taking, poor decision making, and driving skill. Sccond, rather than simply relate these

_basic human traits to accident or violation rates, dependent variables will be investigated
which involve a set of driving behaviors characteristic of different types of problem driving.

2.3.3 Independent Variables: Basic Human Traits and Characteristics

A review of the recent literature provides a lengthy list of individual factors which have (in
at least two studies) reliably distinguished between poor and normal drivers. These factorsare
derived from several main sources including demographic and biographic information,
medical/ physiological data, alcohol/drug use, prior driving record and experience, records
with social institutions, data concerning personal problems, personality test scores, attitude
test scores, and cognitive-perceptual-skill test scores. The most frequently cited factors which
are predictive of poor driving are: drivers under 25 or over 60 years old; male drivers;

"unmarried or separated/divorced drivers (except for drivers under 25); lower occupational,
‘educational and income levels; prior accident/violation history; heavy alcohol/drug use;
records of conflicts with social institutions; current life changes and personal problems;
depression; anti-social feelings; and poor impulse control. While the validity and reliability of
many of these factors have been seriously challenged, the factors listed in Table 2-17 seem to be
likely candidates for further study, based on our current state of knowledge.

A list such as the one given in Table 2-17 is obviously a helpful first step, but it does not
prowde a clear understanding of why humans with these characteristics have more violations
or accidents, and many of the relations are quite weak. Based on patterns of these observable
data, several basic internal mechanisms or traits have been proposed, however, and the current
level of knowledge now allows the preliminary assessment of some of these theories of how
driver traits influence driving behavior. The main sets of traits which have been proposed can
roughly be grouped into several categories: .

no traits (chance theory and carelessness Lhemy),
medical/physiological theory;

inexperience theory;

drunk/drugged driver theory;

social maladjustment theory;

personal maladjustment theory;

umpulse non-control theory; and

information processing defect theory.

o0 ~1 O W b W N —

No Traits Theories

The chance theory (discussed by Froggattand Smiley, 1964, Shaw dnd Sichel, 1971) ['E:_]ECth
the idea that humans differ in traits related to “having an accident™ and states instead that most
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Table 2-17

‘Observable Human Characterlstics Which May Dlstingulsh Prob-
‘lem Drivers from General Drivers

Demographic Characteristics
Age: 16-25, over 65 groups
Sex: Male ’
Marital Status: Divorced/separated or non-married
(except males under 25)
Education: Low
Income: Low
Job Status: Low

Medical/Physiological Charactenstlcs :
Medical history: chronic medical illness ‘
(Note—Tests of vision, physical handicap and related. physnologmal factors prnduced no
reliable relations to accidents/violations except for extreme cases)

Drinking/Drug Usage Record
Alcoholic Consumption: Chronic or Blnge
‘Drug Consumption: High
Cigarette Consumption: High

Driving Experience and Record
Prior accidents: High
Prior violations: High ‘
Prior license suspensions and Ioss of insurance: ngh
‘Driving experience: Low
Driving knowledge: Low

Record with Social Institutions ‘
"Prior non-traffic arrests and convictions: High -
Employment recard: Many job changes and fmngs
Marital record: Divorced or separated
Schoaol record: Truancy, low drepout age, low grades
_Home and family history: Broken, unhappy home Lo
Mental health services: Previous treatment, previous sunmde atlempt
Financial record: Poor credit rating ‘
.Public health and welfare: Frequent contact

Current Personal Stress
Interpersonal conflicts mcludlng marital: High
~ Personal tragedy or loss: High
Vocational problems: High
Financial problems: High .
"Parent-child problems: High -
Change in responsibility: New family, new job
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* Table 2-17 continued

Personalty lesls
* Neuroticism, emotional unstability: ngh
Anxiety, depression, suicidal: H|gh
Extroversion: High ‘
Aggressiveness, hostility, anger High
Anti-sociability, rebellion, lack of sacial responsmllrty ngh . ’
Impulsivity, intolerance -of ambiguity, need to act out mabrlnty to delay gratlflcatron
feeling of repressmn High ‘

Attitudes and Values ‘
Anti-social, rebellious, anti- academ|c anti- rehgnous Hugh
Intalerance, inflexibility: High

". Internat locus of control: High. . ’
Enjoy working on cars and emotional release from cars: ngh

Perceptual Cognmve and Motor Tests
. Dynamic vision: Poor
Motor task performance: Poar. ‘ - '
{Note—Memory. and .intelligence do not seem to be strongly related to driving pertorm-
ance.. There is insufficient. evidence to judge the predlctlve power of perceptual
and motor skills.) , .

accidents can be explained as random events. The chance theory predicts the aécident
population for any given time span ought to have the same characteristics as the general
driving population; however, there now exists a massive data base (summarrzed inTable2-17)
which contradicts this predrctron and which shows that accrdent drivers tend to have drfferent
characteristics than normal drivers. Hence, it seemns prudent to suggest that the chance theory
be mod1f1ed to include different “probabilities of accrdents (and different. “probabrhues of
poor driving behaviors”) for different drivers. lt then remains to understand the. factors which
influence these individual drfferences ‘ ‘ o
The caielessness theory, like the chance theory, rejects the idea that drrvers may drffer in
traits related to drlvmg performance. The theory states that accrdents are 1argely due to drivers
being temporarily careless and that if drivers would be more careful; accidents would be
reduced. The rmphcatlon is that. all drivers are equally well equrpped to drive safely and the
only factor contributing to human error is a sort of laziness on the’ part of the drrver The
carelessness theory may be rejected on the samie grounds as the chance theory if carelessness
were randomly distributed among equally capable drivers the accident populauon would not
differ, significantly from the overall population in variables such as demography, personahty,
' .attitudes, etc. ‘

Medical/ Physzologual Theor)

" The medlcal/physmlogrcal dehc1ency theory states that accrdents occur largely due to
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drivers:having madequate health or some other physlcal handlcap There have been many
studies of the physical defects of drivers, including autopsics of {atally injured drivers (Finch
and Smith, 1970; Baker, 1970) and analyses of records of'drivers with disabilities (McFarland,
Domey, Duggar, Crowley and Stoudt, 1968; Cresswell and Frogga_tt,‘l%l})v, but therg is no
consistent evidence of an unfavorable relationship between physical deficiencies and accidents
or violations. In fact, McFarland et. al. report that 625 disabled drivers sustained sighificantly
less accidents and violations than a sample of non-disabled drivers; however, there was no
control for exposure and since disabled drivers may be expected todrive less than non-disabled
drivers there is difficulty in interpreting these findings: Only extreme cases such as near
blindness or personally upsetting medical problems such as chronic illness, seem related to
poorer driver performance (Waller and Goo, 1969; Crancer and McMurray, 1967; Crancer
and Quiring, 1968; Crancer and O'Neal, 1969). Unfortunately, _however as Burg (1972) points
.out, the Washington State Studies conducted by Crancer and his associates produced
equivoeal results with chronic illness related to poorer driver records in some studies but not
others, and the California Study conducted by Waller compared 2672 drivers who had chronic
diseases with a controlled group that differed in demography—thus ‘making mterpretatxon
difficult. Even if chronic illness is related to dnvmg behavior, it is not cleaf. whether the
physical problems caused by. chronic illhess.or the physiological problems-caused by such
“illness are responsible for the noted higher accident rate. In summary, there is reason to suspect
that physical and medical defects per se may.not be 1mportant pred1ctors of driving behavior.

§

, Inexpenence Theory ,

The mexpenence theory states that accidents occur largely due to dnvers not knowing.
traffic laws and/or having madequate experlence in actual driving situations. This' theory is

" - strongly implied by the repeated finding that drivers under 25 years old are over-represented

‘among problem drivers (Solomon, 1964; McFarland and Moore, 1960; Harrmgton 1970). -
‘However, iin’ these studies age and experience are heavily confounded since most American
drivers begm as teenagers; evidence that experience, rather than age per se, is related to
accidents comes from several sources. In a study of German drivers—many of whom began
driving as adults ‘rather than tecnagers—more accidents occurred within the first 3-4 years
‘regardless of age (Munsch, 1966). Similarly, comparing the one year driving records of newly
“licensed Canadian drivers and experienced drivers matched for age, Brezina (1969) found the
“mexpenenccd group had generally poorer records. Ferdon, Peck anid Coppin (1967) also
report that teenagers who drive less tended to have more accidents. Unfortunately, there is the
problem of “self selection” in these studnes—poorer drivers may choose to drive less or to put
“off learning to drrve precisely because they are poor drivers. In a study which overcomes this
_particular criticism, Farmer and Chambers (1939) found that bus drivers had less accidents as
experience with the company increased up to one year however, after one year experience was
not a factor. : -

ln studies uncontrolled for age, there is addmonal ev1dence that mmor (property damage
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_ only) crashes are over-represented in groups of drivers with less than two years of experience
(McFarland, 1968) but there is also evidence of an increase in accident/violation rates of a
.more serious nature (personal injury and fatality) in the two to five years of experience group
(Pelz and Schuman, 1968). In addition there is only occasional and mild support for the claim
. that drivers who had drivers’ training have less accidents (Harrington 1972), and such results
are often subject to the problem of “self-selection”—good drivers choose to take (or are
- afforded the opportunity of taking) driver trairing.
These findings suggest that while lack of minimal experlence and knowledge may accounl
for minor accidents and violations, it cannot account for.an increase in crashes identified by
Pelz and Schuman, nor the fact that poorer driving records occur over the entire nine year age
-span from 16 to 25. Apparently, other factors besides experience alone are responsible for the
nmportance of the demographic characteristic of age: one possibility to be discussed later is that
_this age period is accompanied by a number of life changes and stress (¢.g., employment,
_marriage, moving, etc.) which may produce personal adjustment problems. Thus, while

experience may be a contributing factor for a short time, it is probably not the cornerstone of a
very strong theory. . : ‘ ‘

A similar idea is that drlvers with poor prior driving records are likely to be poor driversin
the future due to poor driving techniques which have developed. Mild support for thisidea has
been found by many rescarchers including Schuster (1968), Crancer (1967), Coppin, McBride
and Peck (1967); however, lack of control for exposure limits the generalizability of such
findings, nor do such findings provnde useful information on the underlying causes of chromc
poor driving. ‘

The Drunk/Drugged Driver Theofy ,

The drunk/drugged driver theory states that accidents are largely due to temporarily
- impaired mental efficiency due to consumption of alcohol ordrugs. Almost without exception,
_studies of this issue have found the group of accident drivers contains a disproportionate

number of DUI/DWI people ‘and/or chronic problem drinkers (Baker, 1970; Barmack and

Payne, 1961; Finch and Smith, 1970). Because of the importance of this factor it has received
. more attention than any other factor; however, asan explanation, the drunk/ drugged theory is
inadequate because it offers no explanation of why drivers drink or why they mix drinking and
driving. The next theories view drinking.as a manlfeslatlon of deeper causes, and therefore, we
_ now turn to thcm :

‘ ,Socml Maladjustmenl Theory

The soc1al maladjustment. theory, first popularized by Txllman and Hobbes (1949), states
. that problem drivers. are people who show.a pattern of conflicts with society and social.
. institutions; i.e., are people who do not feel part of society and who do not feel a strong degree
of social responsibility. Such people are more apt to drive irresponsibly (i.e., dangerously)
because they do not feel a part. of society’s rules, havefallen into a pattern of rule-breaking
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which extends into their on-road behaviors, and hence, theyare likely to be over-represented in
the pool of accident/ violation drivers. They are likely to be characterized as aggressive, hostile,
anti-social, irresponsible, non-conforming. The fact that drivers of lower socio-economic
status (SES)—as measured by the demographics of low income, low occupational level; low
educational level—tend to have more accidents/violations is consistent with the social
maladjustment theory only if it can be shown that low SES drivers, on the average, feel less a
part of society and less responsible to society. Unfortunately, studies which investigate the role
of social adjustment while controlling SES or which investigate the role-of SES while
controlling for social adjustment are not available; so the problem ofconloundmg Is present in
the studies presented below, and should be considered.

B:ographlc Data: There is a wealth of information concerning the social deuutment idea,
based mainly on comparing the biographic characteristics of “problem™ drivers with normal
drivers. For example, in the classic Tililman and Hobbes (1949) study of Canadian taxidrivers,
the biographic records of 96 accident repeaters were compared with 100 matched controls. The
table below shows that problem drivers were tat more likely to have a history of contact with
social institutions including adult court, credit bureaus, juvenile court, pubhc health agenmes
and social service agencies. ‘ ' :

Adult Credit Juvenile Public Social At Least

Court Bureau ~ Court . Health .Service . One
Repealers | 34% 34% 7% 14% 8% 66%
Controls Yo 1% 6% 1% 0% 1% - 9%

In what was essentially a validation study, McFarland and Moseley (1954) aitémpted to
predict future accidents by using a measure of ‘social maladjustment based on biographic
factors such as repeated contact with social agencies, truancy, poor employmeiit record, non-
traffic arrest, broken home, etc., as well as prior driving récord. Based on these factors, U.S.
truck drivers having three or more accidents in onc year were reliably distinguishable from
those having two or less. Thus, a history of conflicts with social institutions scems 10 be related
to on-road behaviors; however, one problem with these studies is that they involved unusual
drivers—taxi and truck drivers—and thus, their generality may be questioned.
Replicative support involving “normal” car drivers is available and seems to be consistent
with the above results. For example, Crancer and McMurray (1968) investigated the driving
records of 415 automobile drivers who had good credit ratings vs. the driving records of 339
drivers who had poor credit ratings. The importance of factors indicating social adjustment
was again demonstrated in the finding that a significantly higher accidentrate was obtained in
" the poor credit rating group. In an earlier study, Dennis (1930) developed a measure of “good
. citizenship” based on‘tweniy biographic traits. As would be predicted by the social adjustment
theory, non-accident drivers -obtained ‘the highest average score, drivers involved in- non-
reckless crashes had the next highest average score, and drivers who caused accidents due to
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recklessness had the lowest citizenship scores. Further supporting evidence for the social
adjustment theory comes from studies focusing on young drivers which show that problem
drivers differ from general drivers by having more academic and discipline problems in school
(Carlson and Klein, 1970; Asher and Dodson, 1970; Harrington, 1972; Krauset. al., 1970: Pelz
and Schuman, 1968), a rebellious attitude towards parents and leaving home (Rommelﬂl959
Hdmngton 1972), parents who do not participate in community activities or who thC a
criminal record (Tlllman and Hobbes, 1949; Carlson and Klein, 1970; Beamish and Malfem
1962), a lower grdde in “Citizenship™ in high school (Harrington, 1972), a history ut violent
behavior (Pelz and Schuman, 1968), less automobile liability insurance (Coppin and Van
Oldenbeck, 1966), poor job stability (Heath, 1959; Brody, 1957), a non-traffic criminal record
(l\mus cl. al., 1970; Willett, 1964; Barmack and Payne, 1961). Thus with pxoiunonaldnvers
young dnvers and general drivers there is consistent and reliable evidence thata hmox Y, ofdntl-
social behaviors is related, at least moderately, to driving behavior.

Azurudes Attitude tests concerning aggression and hostility against soctety prov1de a
further source of information. Intensive interviews by Tiliman and Hobbes (1949) of twenty
accident repeaters and twenty controls revealed an attitude of intolerance and aggression
towards authority on the part of poor drivers. Goldstein and Mosel's (1956) factor analysis of
the Driver Attitude Inventory indicated a reliable correlation between a cluster of quesuons
measuring compeutlveness aggressiveness and violations or accidents for a group of 254 male
drivers; similar findings were obtained for female drivers but the correlations were not
statistically significant due to small sample size. Similarly, Selzer and Vinokur (1974) obtained
a‘m'il'd but reliable correlation between aggressive attitudes and accidents. In interviews and
tests of the attitudes of young drivers, problem drivers scored reliably higher on questions
mvolvmg anger, rebelhon and hostility (Pelz and Schuman, 1971) and lower in “conformity”
(Beamish and Malfetti, 1962); similarly, Levonian (1969) found that the attitude of orlentmg
towauds self benefit at the expense of others was significantly correlated with tralfic violations
for a group of over 1000 10th grade students, even when controlling [or sex, exposure, SES,
and other personality measures. Finally, intensive analyses of six truck drivers, recognized for
their driving excellence including 20 years of safe driving. indicated that they dittcred from the
norm n¢ither in physical nor intellectual traits, but rather in the personality characteristic of
social stability and conformity (Malfetti and Fine, 1962). Onc problem with taking attitude
measures from groups of known poor or good driversisthata driver’s record may mﬂuence his
attitudes, e.g., poor drivers may try tojustify their records, and there has been lﬂbUlflCleI‘l[ work
in validating attitude scores against future driving. For examplc, a study of young drivers in
Michigan (Kenel, 1967; O’Leary. 1971) revealed that the Mann Attitude
Inventory—measuring aggressivéness-—Aand driver training instructors’ ratings of
aggressiveness related to future violations, for 24 and 60 months after testing and for accndenls
24 months after testing. However, these findings taken asa whole arc consistent with the soc1al
adjustment theory and provide an independent line of support.

Personalzty A third source of information concerning the social adjuslmem theory is
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studies comparing the personality test scores of problem and general drivers. McGuire (1956a;
1956b) gave items from the Minnesota M ultiphasic Personality Inventory (MM PI) to matched
groups of Marines and found that the most important scale for distinguishing problem drivers
~ from non-problem drivers was the Psychopathic Deviate scale (Pd)—a scale designed to
measurc anti-social tendencies or deviance from social norms. Similarly, Rommel (1959)
found lhat poor, young drivers scored reliably higher than matched controls on the Pd scale
and tht; Ma scale (Hypomania or excess activity). Brown and Berdie (1967) gave the MMPI to
993 male college students and found a very small but reliable correlation between
"accident/violation rates and score on the Pd scale; only the Pd scale was able to distinguish the
100 best from the 100 worst drivers in the group. In a study of U.S. Airmen (Conger, et. al.,
1957, 1959) the Pd scale distinguished accident repeaters from non-repeaters with marginal
reliability, but failed to do so ina follow-up study. Itis interesting to note that the only scale on
the MMPI which has consmtently been found to be related to poor driving is the scale which
measures deviance from social norms, or what could be called social maladjust_ment Itis of
particular significance that the Pd scale was not designed to locate problem drivers, nor does it
investigate primarily driver-reélated areas—thus the fact that it does reliably distingiish
problem from general drivers is an independent source of support for the social adjustment
theory. Unfortunately, as a driver screening test the Pd scale still is far too weak and inaccurate
to be used (Miller and Dimling, 1969), but asan mdependent support for the social adJustment
theory it is valuable.
Other tests have also been used with less replicative support Forexample Shaw and Sichel
‘ (1972) reporta study of accidents of South African bus drivers who were given projective tests

such as the Thematic Apperception Test (TAT). The correlation between what was called the .

E-factor (measuring social irresponsibility, anti-social tendencies, psychopathic deviance, lack
of control and impulsivity) and the number of accidents was an astounding r = .61. This
relation is considerably higher than other correlations cited in similar studies and may be due
to the power of combining a set of measures into the single E-factor, or to a peculiarity in the

“way'the TAT was administered and scored. Further replications, especrally with typical
automobile drivers, are needed before accepting these findings.

In three separate studies involving U.S. Airmen, Conger et. al. (1957, 1959) found that the
Allport-Vernon Study of Values test successfully distinguished repeaters from non-repeaters.
Accident drivers scored lower in Religious Values—which Conger et. al. suggest reflect
conventional social mores—and higher in Aesthetic arid Theoretical Values~ r u.ﬂectmg more
sophlstlcated and possibly non-conventional mores.

There have also been failures to distinguish problem drivers from general drivers based on
standardmed tests of social traits such as extroversion (Quenalt, 1967), and others (Preston and
Harris, 1965), and as Goldstein (1962) has pointed out, many of the relationships involving
personality characteristics are quite weak. However, there seems to be considerable evidence
that tests measuring anti-social tendencies do distinguish problem from general drivers, and
conthed replication especially involving predictive validation of such fi mdmgs would provide
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a badly needed independent line of support for the social adjustment theory.

Apparently, the existing findings ‘suggest that problen: drivers tend to leel less social
responsibility and less affiliation with social rules, on the average_,' than general drivers. Further
- research in this area should be directed towards determining how these measures of social
‘adjustment relate to demographic characteristics, especially SES, whether drivers scoring high
_in social maladjustment are more apt to be involved only in certain types of accidents or all
‘types of accidents equally, and whether special trdmmg and- remedral techniques' can be

developed for this type of problem driver. ‘

Personal Maladjustmenr Theory

A second theory which attempts to get at the * ‘root™ cause of accidents is the personal
maladjustment theory, the idea that accident drivers dle people under personal stress going
through a difficult period in'their lives. The personal pressures facing the driver may reduce his
driving Judgment or decision makmg ability, or may actually be. mtense enough to manifest
itself as a su|c1de wish whlle drnvmg, and thus result'in higher accrdent/vrolatlon rates..Such
drivers are likely to be chdracterized as emotionally unstable, depressed anxious, neurotic.

Biographic Data: As with the social adjustment theory, thereisalsoan 1mpress1ve research

-literature concerring the’ personal ‘adjustment ldea, based on comparing the blographlc
characteristics of problem -and normal derEI'S Both the stress related to “life changes™ and
stress related to immediately precedmg events affectmg pre-crash state have received close
attention. For example, Selzer, ‘Rogers, and Kern (1968) compared the life change stresses
impinging on 96 driver fatalities vs. 96 matched controls and Brown and Bohnert ( 1968) did the
same for 25 driver fatalities vs.'25 matched controls. The table below shows that the fatal
drivers as a group were more apt to be under personal stress due to personal and interpersonal
conflicts, personal-tragedy or loss of dear one, job problems, or financial problems. .

“Personal.  Personal - . Job  Financial - One or More

Seltzer et. al. - Conflict Tragedy Problems . . Problems Stresses
Fataliies - 2 30% 0% | 5%
Controls - % 5% % % 18%
oo P N . . . . - '
. Inter- S ‘ B o '
: ) " personal Loss of Job Financial. . One or More.
Brown & Bohnert  Problem Dear One -Problems ~ - Problems - Stresses
Fatalites . 56% 16% A% % - 80%

Contrals B L 12% 0% - 8% - T B% - 12%
Such results provide_solid support for the idea that drivers who have personel problems may
drive in @ way to hurt themselves; however, since fatalities represent such a small, and perhaps
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atypical number ‘'of accidents, the generahty of such results-may be called into question. A
further problem with mvesugatrons of fatal crashes is that. fir st hand data-may not be collected ‘
and researchers must rely on interviews with those who knew the deceased.

For these reasons it is partrcularly important to investigate the role of life changes and other
stress-arousing events related to non—fatal accidents. McMurray (1968) investigated the .
driving | records of 410 drivers. who obtamed divorces in order to determine whether the stress
produced by the divorce proeecdmgs affected driving behavior. The accident/ vroldtron rates of
‘divorced persons for the six months before and after the court.proceedings were reliably higher

-than thé average. Schuman, Pelz, Ehrlich, and Selzer (1967) found that young drivers who
were married and working full time had reliably more accidents than young drivers who did
not hdve to adjust to-a new-marriage or new job; in a followup study it was:also found that life

: changes such as change in marital status, new responsibilities, family events, and change in job,
each related to poor driving records for young males (Pelz and Schuman, 1971). Similarly, a
recent. study by Selzer and Vmokur (1974) obtained a small but reliable.correlation between -
measures of traumatic life events and stresses and number of accidents. Thus, the findings in
sludres of non-fatal acmdents seem to be consistent with .that of. fatal accidents—personal
problems and accidents se¢m to happen together. '

Many researchers have also reported that' a d1sproportronate numberof problem drivers
incurred personally upsetting events such as an- argument or bad news within 24 hours of the
crash (Selzer, Rogers, and.Kern 1968; Brown and Bohnert, 1968). In'comparing the pre-crash. -
state of 25 fatal drivers and 25 controls, Finch and Smith (1970) reported that fatal drivers were
more apt to have been feeling suicidal, depressed or angry and less apt to have beeninanormal
emotional state. Selzer, Rogers and Kern (1968)also found that {atal drivers were moreapt to
have been in suicidal, depressed, or violent statesas compared to controls. The life stresses idea
has begn underlined by Paykel's (1969) argument that adjustment to life changes is Closely
related to clinical depression and emotional- unstability. '

Such results suggest that personally troubled persons may be driving poorly as an
expression of depression or even suicidal tendencies. Adams (1972) reported a correlation of
r=.86 between per capita accident rate and suicide rate for sclected localities; this indicates
geographic localities with high suicide ratesalso tend to have high accident rates but no causal

- inferences may be- drawn. C_rancer and-Quiring (1968) investigated the driving records of 438
persons hospitalized for suicide attempts.. The suicide group had almost twice the accident rate
and twice the violation rate of the general population; in addition, the suicide group tended to
have more seriousaccidents (injury/fatality) and more serious violations (automatic
mandatory license suspension) than the'general population. Similar results were also obtained
with suicide patients studiéd by Selzer and Payne (1962) and by MacDonald (1964). The

~ suicide idea is also consistent with the finding of Sterling-Smith and Fell (1973) that of 75

drivers who killed themselves in.automobile .accidents, 50 died in.single car accidents. In
addition, of 11Q drivers who‘Were responsible for crashes involving fatal'injury, 21 (19%) had
documented suicide historigs; however, the suicide idea seems inconsistent with the additional
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puzzling finding that drivers who killed others were more likely to have a suicide history than
- drivers who killed themselves. These findings taken together strongly rmply arelation between
suicide history and problem driving behaviors, anu since depression and suicidal tendencres
may be the result of unsuccessful adjustment to life changes life chunge‘s may be ‘related to
crashes. - ‘

Attitudes and Personaluy To complcment the blographlc fneasures of personal
maladjustment (e.g., life stresses and changes) a second source of information involves the
relationship between driving behavior and personahty test scales for personal adju_strnent An
early study conducted by the ENO Foundation (1948) found that accident repeaters received
‘higher scores in personal instability on the Cornell Word Forms Test than did accident-free
drivers. In comparing 84 young male traffic offenders with two or more accidents with 186
drivers matched for age and sex, Beamrsh and Malfetti (1962) found a significant dlfference in
the emotional stability of the two groups, and in a stutjy‘ comparing young drivers who were
fatally injured in accidents with matched controls Kaestner (1964) also noted a difference in the
emotional maturity of the two groups. More recently, Selzer and Vinokur (1974) obtained mild
but reliable correlations between scores on a test of manifest anxiety and number of accidents.
'One reason the correlation was low could have been the distribution of accident frequencres if
most drivers had very few accidents then correlation may not be the best indicator of | a
relanonshrp and a comparison of anxiety test scores of acc1dent repeaters vs. non-repeaters
‘may have been more informative. In a study involving more accidents, Shaw and Slchel(l972)
report the results of an investigation of the ¢orrelation between accidents sustamed by South
Afncan bus dnvers and their scores on the TAT. The N-factor, consisting of measures of
neuroticism, anxiety, depression, etc., correlated r = .47 with number of accrdents Howavar
Quenalt (1967) failed to obtain reliability for the “neuroticism” scale of the Maudsley
\Personalrty Inventory, and as has been dxscussed in the previous section, the personal
adjustmenl scales of the MMPI do not seem to dlstlngulsh accident l'rom general dnvers Thus,
personahty measures of anxiety and depression offer mixed support for the personal
maladjustment idea, wrth some mdlcauon that emotlonal unstability often is related to poorer
driving behavior. , ‘

Inthe “psychologncal autopsy studies of fatally injured drivers, fatal drivers were judged
slgmﬁcantly higher _ than matched _controls  in personality disorders or general
psychopathology (Finch and Smith, 1970, Selzer, Rogers, and Kern, 1968). The Katz
Adjustment Scales (KAS) have been used in a number of psychological autopsy studies to
investigate the personality characteristics of fatal drivers (Fischer, 1972; Shaffer et. al., 1972,
1974; Schmidt et. al., 1972). Dnvers who killed themselves in craahes scored relrably hrgher in
general psychopathology, belhgerence, negativism, hyperactrvrty. and’ lower in wnhdrawal
‘than norms. The idea that anxiety may manifest itself as a sort of suicide gesture while drlvrng
was supported by the’ fmdmg that non-traffic suicide victims showed a similar but stronger
KAS profile as compared to fatal dnvers and that fataldrlvers involved in srngle car accidents
'Were srgmﬂcantly hlgher than the norms in general psychopathology and the other disoiders
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listed aboye, while fatal'drivers involved in multi-car accidents did "ot differ reliably. from the
norms. Although there are serious methodologlcal problems in‘administering the KAS, e:g.,
the tendency for respondents to “justify” the fatal driver’s behavior, these results do provide
striking independent support for the personal adjustment theory, Adams<(1972) suggests. that
suicide may not necessarily be the goal of some troubled pcrsons; rather, drivers with personal
problems may be attempting only to injuré themselves and thus: make theif- problems
‘“acceptable™ or “justifiable.” Unfortunately, there are msufllcrent data avarlable to dlrectly
mterrogate thls suggestion. - St : N A
" These fmdmgs do, however, strongly suggest that mabxlrty to adjust to'personal problems,

stress and anxiety, is an important factor—at least in some cases—influencing drivirg.

behavior. Especially noteworthy is the suggestion that, in some cases, reckless. driving may be'a
mamfestatron of anti- persona feeli Ings, just as it was suggested in the previous sectron that
some cases of poor driving’ may be- mamfestatlons of ann-socnal feelmgs : S

lmpulse Nan Control Theory

Although drivers may possess mtense ant1 socral or anti-self dlsposmons the’ ablllty to
“control these and related impulses may be another factor influencing driving behavior. The
tmpulse non-control theory states that some driversare less able to control their impulses while -
driving, rnore apt to allow dnvmg to Serve as.an emotional release, and thus more likely to
engage in accident related. behavnors For example, Klein (1974) has suggested that some
drivers may have no outlets for their expressions ofmdependence andachievement (e.g., lower
"SES workers on routine, flxed _]ObS) and thus use drrvmg to express emonons whrch have to be
repressed elsewhere. -
Blographzc Data "and" Attitudes: The relatlonshlp between btographlc mformauon
" concerning impulse control and accrdents 15 one source of data A questionnaire developed by
' Pelz and Schuman (1968) was given to young drivers, and it was found that problem drivers
had a hlstory of | poor 1mpulse coitrol, that they more easily expressed 1mpulses (e.8. had been
'in fist fight recently), that they derived emotional release from driving (e.g.; drive to “blow off'
steam”), and that they felt powerful while driving (e.g., customized and raced cars) as
compared to other young drivers. In line with Klein's idea, young problem drivers-were more
apt to be in low paymg, routme _]obs rather than in school (1 €., ess chance to’ express
independence and achlevement) ‘ :
Other attltude inventories given to young dnvers reveal that problem drlvers more often
than non-problem drivers view driving as tensron releasmg, cgo-building, and as a way “of
making oneself powerful (Rommel, 1959), a source of pleasure (Asher and Dodson 1970) a
“way to avoid feelmg held down and a way not to ha\«c ‘to consider the consequences of one's -
‘behavior (Beamish and’ Malfetti, 1962), and as a way to escape worries and tension
(Harrmgton 1972) Unfortunately, the bulk of these studies concerns drivers under 25 years
old; thus the gcneraltty of the 1mpulse control l'actor can be questroned Furthermore, smce
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“impulsive™ attitudes were formed as consequence of —or means of justifying—poor driving
records. Clearly, the strength of. the impulse non- con[rol theory would be mcreased by
prednctwe or validational studies conducted on the gcnelal drrvmg population.
. Personality: Personality tests for impulsivity have also been related to driving behavior.
For example, the impulsivity, scale of the Thurstone Iempermenl Schedule was found to be
- related to accidents (Heath, 1959). Conger et. al. (1959) reported that mabrlrty to control
hostility or tolerate tension was a main, factor distinguishing poor and good dFIVBl'b and
~Whittenberg, Pain, McBride and Am]der(‘l972) also report several studies in which measures -
of .inability to control hostility arid tension were related to accident rates (Hertz, 1970).'
Measures of manifest aggressiveness and impulsivity correlated with number of accidents in
Selzer and Vinokur’s (1974) study, and impulsivity wasa factor used in the design of other tests
of driving (McGuire, 1956; Schuster and Guilford, 1964, Haner, 1963). Although impulsivity
score has not been strong, enough to merit use as a single criteria of driver selection, the fact that
high impulsive drivers tend to have poordriving records provrdes support for the impulse nion-
control theory, and adds another type of poor driver.

Anformation Processiné De]'ect T heorj‘

Another factor which may underlie driving behavior is the perceptual and motor ability of
~ the driver. The information- processing or perceptual-motor skill theory states that problem
‘ 'dmers may have accidents due to information processing problems such as difficulty in
recognizing relevant stimuli, in processing them effectively and in performing the réquired
motor résponse. Perceptual-motor deficiencies may be a factor responsible for the
drsproportlonalely high number of accidents/ violations obtained by drivers over the age of 60;

v however there is msufflclent data to test this idea.

Perception Processes: One source of informution involves tests of perceptual ability. An
early ENO Foundation report (1948) compared serious accident repeaters with a matched
‘group of accident-free drivers on a series of perceptual tasks. Reliable differences favoring
the accident-free group were obtained for some tests—e.g., acuity with both eyes, depth
perception, re51stence to fcmgue-—but no diticiences were obtained for other tactors-- e.L.,

dark adaptation, peripheral perception. More recently, Burg and Henderson (Burg, 1972;
Henderson and Burg, 1973; Henderson, Burg, and Brazelton, 1971) havereported that several
“tests of dyndmlc vision given to a sample of California drivers were reliably related to
accident/violation rates! Although the differences were not great in these studies, and although
there was no good explanatron of why some tests “work™ and some do not, such findings do
suggest that further study of perceptual factors is warranted.

Decision Processes: A second source ol information involves tests of general cognitive
- ability such as decision making and intelligence. Cobb (1939) and Shaw and Sichel (1972)
report studies in which small neganve correlations between accident rateand llllt,“lbl.nu, tests
. score Were obtamed However there are also instances of no relationship (e.g., Farmer and
Chambers 1939) Thus there 1s msuffrcrent ev1dence al [hlb time to drth any strong
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conclusions concerning co”gnitiv'e abilities, but it seems appropriate that future research be
directed towards measures ofcognmve ability that are more closely related to drtvmg, such as
decision making. : -

Response Processes: Fmally, tests of human performance have received some attention.
For example, on a test of moving a long stylus through a narrow winding pathway without
touching the sides of the path, accident repeaters made twice as many errors as a group of
matched controls (Eno Foundation, 1948). A'small neganve correlatlon between reaction time

‘and accrdent rate was reported by Shaw and Sichel (1972). In addmon Miller and Dimling
(1969) have reviewed a series of experrments involving drrvmg slmulatora and other driving
performance devices, and-suggest that there has been some success in relatmg various human
performance abilities to driving ability. :

Unfortunately, perceptual-motor theory still lacks a rich body of rcsearch literature, but it
seems to be a good candrdate for further study, and may produce yet another type of problem
driver.

2.3.4 Dependent Variables: Risk Taking, Poor Decision Makmg,
Poor Recognition and Poor Motor Skill '

Most of the studies of the “human factors problem as applred to hrghway safety research
have relied on criteria of driving performance such as accident and/ or violation rates. In this
.section, it is suggested that a richer understandmg could be achieved by analyzing problem
driving behaviors into various types. The traits and condmons existing withina person—such
as those described in the precedmg section—may be translated into certain driving styles or
patterns once one gets behind the wheel. The basic types. ofdnvmg styles or propensity under
primary-consideration in the present sectlon are risk taking, poor decision makmg, and poor
recognition or motor skills.- ‘

Risk T akmg

Risk taking refers to the intentional creatlon ofa dangerous srtuatron by the driver. Much
progress has been made in the‘development and successful use of a taxonomy of human driving
behaviors which cause or influence the severity of crashes (consult: Institute for Research in
Public Safety, 1973). Based on data collected by LR PS; the most common risk taking behaviors
seem to be excessive speed improper maneuver, improper driving technique, and lnsufflc1ently
defensive driving. Cluster analytlc techniques and other possible coding systems are required
to determine exactly which’' behaviors best charactertze rtsk taking, and the propensmes
discussed below.

Poor Decision Makmg

Poor decision making refers to dnvers makmg improper decisions about what response to
. make to dangerous situations once they are recogmzed Based on data collccted by IRPS, the
most common poor decision behaviors are mproperev.aswe action and false assumption. (For
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_purposes. of this section, “excessive speed” is considered a “risk-taking” factor rather than a
decision error).

Poor Recogmtton Skill o ,

.. Poor perceptual or recognition skill refers to 1mp|ope| plocemng of stimuli necessary for
ru.ogmuon of a dangerous situation. Common rccognition ploblcms cited by IRPS are
internal distraction, improper lookout -and matlgnuon

_Poor Motor Performance Skill :

" Poor motor performance refers to improper cxecution of responses which have been
determined necessary by a driver for remediation of a ddngclOUb situation. The most common
driving behaviors cited by IRPS which seem to imply poor motor control are
l‘overcompensatlon and inadequate directional control.

2.3.5 Re.'vu‘ltant_‘PIc’m for Future Research

‘Based on the literature review, suggestions were made here for a series of related
studies—some of which were then performed by IRPS under this contract, as reported further
on in the section.

‘ The recommended sequence is as follows:

l. A prehmmary test of several theones derived from the llterdture review, comparlng
high and no- -accident drivers. ‘
2. A-follow-up validation of the above study, if the expected relationships emerge,
" 3. A pilot study using information already collected in the course of past IRPS in-
depth mvestlgatlons Existing questions on IRPS’ in-depth human factors form will
be ‘used to form ad hoc scales for such measures as personal and social
maladjustment,
4. A study in which an entire battery of questions specifically designed around these
‘scales are prospectively given to a stratified, representative sample of the general
driving population, while also collecting data on previous crashes and violations.
5.. A final, major study in which the entire revised battery is administered to a
representative sample of accident-involved drivers (as part of a series of prospective,
in-depth investigations). The objective here would be to examine in detail the extent
“to which different types of accident causing behaviors are related to different basic
human traits. At least 50 to 100 accident drivers would be included. A follow-up
study would monitor driving records for a future period, to determinc the predictive
- validity of the measures used.

Studies one, two, and three from the list above were completed as part of this project, and
are reported laterin this section. Note that studies four and five were in no way within the scope
of the current contract, and are merely recommendations for future research. '
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The followmg discussion’ 'provides added details on studies three, four, and five from the
"above list. :

General Approach and Background

Table 2-18 shows the basic human characteristics and traits (independent vanables) which
may ‘be related to various on-road behaviors characteristic of risk- -taking, poor decision
making, and poor perceptual-motor skill (depéndent variables). One direction for future
research suggested by this review is to determine which human traits are.related to which types
of driving behaviors; for eumple whether information processing deficiencies are related
mainly to poor recognition and motor performance dnvmg errors or whelher socnal
malad]ustment is related mainly to risk taking behaviors, etc.

Thus instead of asking, “How do each of several dozen human charactenstxcs relate to
having accidents/ violations?”, the proposed study asks; “How do these few basic human traits
. and g’:‘onditi,c:ms relate to various types of driving behaviors characteristic of risk takers, poor
decision makers, poor recognizers and poorly skilled drivers?” Rather than attempt tovalidate”
a measurement device for the ‘problem driver” against accident/ violation rate, the proposed
study will investigate the poss1b111ty of generatmg several scales for different types of problem

drivers. :

The general design of these studies, as indicated below, is to use as mdependent vanables
each driver’s score on various demographic and biographic questionnaires, and personality,

Table 2-18
Development of Independent and Dependent Variables

OBSERVABLE HUMAN . INTERNAL HUMAN .. DRIVING . .. .. DRIVING

CHARACTERISTICS TRAITS (IVs) . PROPENSITY ‘ BEHAVIOR (DVs)
Demographic &. ' Demography - ‘Risk taking - - - Excessive speed
biographic data N " Improper maneuver,
. ; Dnvmg expenence & _ : . _ Improper driving
Records with social - ~record ‘ e C " technique
-institutions -, N L AU
‘ ) Alcohol/drug usage Poor decision making " Improper evasive action
Personal-data . ' o ' False assumption
C : . Social'adjustment : ’ s S :
Personality test . o Poor recognizing and -+ Inattention’
scores © . Personial adjustment motor skill ~ Improper lookout
. : - C ‘ " Internal distraction
Atlitude test . ~ Impulse control : o View obstruction |
scores : ' Co i
: o . Inadequate information ‘ . - ‘ .+ Qvercompensation- -
Perceptual-Motor ) processing ) o . Inadequate mrecnonal )

skill test scores - - ‘ B ' ) ‘ control
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attitudinal and perceptual-skill tests, and to use as dependent leldbleb a classification 01 the
specific driving behaviors engaged in by accident drivers.

Human Traits (lndependem Varlables)

1. Demographlc Characteristics
a. Age

Sex ‘

Marital Status

Socio-economic Status

‘Etc. :

o a6 o

2. Experience/Exposure/Familiarity-
a. Driver Knowledge
b. Driver Experience .
¢. Driver Exposure - C
d. Prior.accidents and violations -

3. Alcoholism/Chronic Drug Use

4. Personal Adjustment
. a.. Présence of stressful life changes and snuanons
b. Type N personallty traits: depresswe anxious, emotionally umtable

5. Social Adjustment
- a. Record of anti-social behawors contacts wnh :.ocml agencnes bOCldl
non-participation -
b. Type E personality traits: anti-soc’iability‘,'hOstilit)'; psychopathic
deviation, aggressiveness ' o : <

6. Impulse Control :
a. Record of impulsive behaviors, especially while driving.
b. Type R personality traits: impulsiveness, rigidity, repression..

7. Perceptual-Motor Skill
- a. Perceptual speed/accuracy
-:b. Spacial relations.

| Dfiver Behaviors (Dependent Variables):

1. Risk taking behaviors
* a. Excessive speed
b. Improper maneuver
c. Improper driving technique =
d. ‘Improper defensive driving

- 68 -



2. Poor decision making behaviors
a. Improper evasive action
b. False assumption’

3. Poor recognition behaviors
" a. Inattention

b. Improper lookout-

c. View obstruction

d. Internal distraction

4, Poor skill behaviors
" a. 0vercompensat10n
b. Inadequate directional control

The final materials required for “Study 5" are obviously not yet known However
the following would be used as a starting point in the development of needed materials

for “Study 4.” For “Study 4,” demographic information will be collected using a ..

standard questionnaire (shown in Apperdix C). Driving knewledge will be assessed
using items from NHTSA’s list of driver knowledge questions (see Table 2-11) and
driver experience, exposure, familiarity and prior accident/violation record will be -
obtained from a standard questionnaire (Appendix D). Alcoholism and drug usage will
be ascertained by means of a standard questionnaire (Appendix E); and, if necessary,
the Michigan Alcoholism Screening Test (MAST). Personal adjustment will be
assessed by a biographical questionnaire concerning life changes and stresses
(Appendix F) and by selected items from anxiety, depression, or emotional unstability
scales of existing standardized personality tests such as the California. Psychological
lnventory “Depression” Scale (Appendix G). Social adjustment wxll be assessed by a
blographlcal questionnaire concerning conflicts with social agenueb and institutions,
social instability, social non-participation (Appendix H), and by selected items from
socialization, hostility and psychopathic deviation scales of existing driver attitude
inventories and standardized personality tests such as the MMPI's Pd Scale or CPI
“Socialization” scale (Appendix I). Impulse control will be assessed by a.biographic
guestionnaire concerning control of impulses and emotional release with cars, such as
~the Pelz-Schuman test (Appendix J), and by .modifying scales from:existing
attitudinal and personality tests such as Rotter’s Internal-External Control Scale or
the CPI's “Impulsivity Scale” (Appendix K). Perceptual motor skill will be measured
by the: Dynamic . Vision Tester, and paper-and-pencil tests "of perceptual
speed/accuracy such as the Minnesota Clerical and of spacxal relatxons such as the
Minnesota Paper Form Board (Appendix L). ‘ :
Ferms and procedures -for determination of driver behaviors whlch cause or
influence the severity of accidents have been developed as part of the present study

(see Vol. I, Sec. 2.0).
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Study Three

. A pilot study will use in-depth accident datd on file at the Institute for Research in
- Public Safety. These files contain some information concerning human (.haldClcl'lbthS

of the accident-involved drivers, and a detailed amgnmcnt Odeledl factorsfor human

- errors-committed by accident involved drivers. The ObJE(_:th_L of this study.is to provide
preliminary information concerning the relationship-between driver traits and driver:
behavnors with special focus on determining whether drivers with certain traits are
more apt to engage. in risk taking, or poor decision making, ar poor perceptual and
motor skill behaviors. The results of Study 3 will take advantage of existing data and
- help in designing details of further studies. Scales for each of the independent variables
. will be. derived from questions on the In- -Depth Human Factors Form, the Pelz--
‘ Schuman Test, the Driver Knowledge Test, and the Dynamic Vision Test (Appendix
‘ M). . oo
‘ Allhough there are no spec1f1c tests of personal adjustment 50C1dl adjuslnu,nt or
impulse control, the followmg sets of questions may be used to form ad hoc scales for
¢ach: - For. -personal adjustment, questions concerning emational strain. (#28), -
—arguments (#29), manifest .anxiety (#30-34), life problems (#35-38), smoking (#101),
. worry (#217), perceived pressure - (#232-235), chronic - illness (#12). For social
adjustment, questions concerning job stability (#10-11), marital stability, (#14-15),
residence stability (#17-18), social participation (#39), completion ol school {#203),
anger (#220, #228-231). For impulsivity, social influences on risk taking (#204-206),
- dangerous driving (#210, 213), driving as emotional rcleasc (#222-227, #236-239), .
teclings of repression (#231- 235), restraint use (#73). The dependent variables (driving
behaviors) are coded 1n the data, thus allowing an analysis of thc relationship between
driver tralts and type of driving behavior..

Study Four ‘
A second study involves giving the entire, revised battery ol questionnaires and
tests described in the above section to a stratified, representative sample of the general
~driving populatiop',fwhile_ also collecting data concerning previous tralfic crashes and-,
_ violations. Drivers participating in thisstudy should be paid [or theircooperation, and |
. the drivers selected should be stratified for age and scx to represent the general driving .
-.population. At least 50 to 100 drivers should take purtin Study 4. Specific infgrmation
- conterning the type of accident, type of violation, and type of driver behaviors
~ contributing. to the crash or violation will be collected, lollowing the format of
. dépendent variables indicated. above., The same type of analysis as above will be
performed. One obj'ective of this study is to prov_idc a rephication of Study 3 and to test
~(and revise) the questionnaires and tests which will be used in these studies. A second
objective is to pravide control group norms for Study 5:
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. Study Five

The fifth, and major study involves giving the entire revised battery to a representative
sample of accident-involved drivers, as well as collecting the-usual detailed in-depth analyses of
the causal and severity-increasing factors attributable to the driver. Drivers participating in
‘this study should be well paid for their cooperation, and at least 50 to 100 drivers should take
part in Study 5. This study will provide the most detailed data 'available concerning whether
different types of accident-causing behaviors are related to different basic human traits; or
more specifically, whether, drivers who score high in personal maladjustment, * social
maladjustment, impulse non-control, percéptual-motor deficiency, etc.,-are over-represented
in groups of drivers committing risk taking, poor decision making, poor perceptual or skilled
driving errors. A further follow-up study would be to monitor the driving records of those
involved in Study S for a future period (e.g., 24 months); this would provide data that could be
used to determine the predictive validity of the measures used.

lmpluattons of Studies. I

The proposed investigations would provide a level of analysis rarely achlcvcd in the traffic
safety field, and could generate the bases for useful tests of specific types of driving behaviors
such asrisk'taking, poor decision making orpoor perceptual-motor-skill. The development of
tests for prediction of specific classes of problem drivers—rather than “the problem
driver"—would have immediate implications for diagnosing, training, retraining, remedial
and persuasnon programs. Drivers tending to make different kinds of errors, for different kinds
of reasons, could be reached by different instructional techniques, different -persuasive
arguments, and different remedial programs. The development of-tests of specific kinds of
driving.propensities would also helpradvance the field of knowledge in the traffic safety area by
clarifying questions raised by the extremely weak relations often obtained between
theoretically interesting human factors and accident/ violation rates. A better understanding
of ex1stmg theorles would also llkely lead to 1mproved remedial and trammg innovations in
general.

236 Prelimiﬁary Study (Study No. "1)

‘1dentification of the distinguishable and theoretically interesting characteristics of high
risk drivers (¢.g., drivers involved in three or more accidents in a.three-year period) would yield
an important first step in establishing countermeasures— possibly including recommendations
for road and vehicle design and mamtenance, and for driver trammg, hcensmg, and
employment. :

 The present study was designed to provide information on four potentially important
theories of accident causation which are suggested by the foregoing review of the literature: (1)
the “social maladjustment theory” posits that poor driving is just'one facet of a more general
pattern’of anti-social or irresponsible behavior and attitudes (e.g., Tillman & Hobbes, 1949);
(2) the “personal maladjustment theory” posits that accident drivers are more likely to be
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people under personal stress going through difficult periods in their lives (Brown & Bohnert,
1968; Selzer, Rogers, & Kern, 1968); (3) the “impulse non-control theory” suggests that poor
drivers are'less able to cope with risk- takmg impulses while driving and thus are more likely to
allow driving to serve as ‘an emotional rélease ‘(Klein, 1974); (4) the “information progessing
defect theory™ suggests that poor drivers lack efficient perceptual/ motor speed-and-accuracy.

This preliminary study was conducted to compare a group of young accident repeaters with
a matched group of ‘non-accident .drivers with respect to alcohol-drug use, personal
adjustment,  social adjustment, 1mpulsrv1ty and clerical ability. Based on the foregomg
literature review and analyses, test scales were constructed which for theoretical reasons had
been hypothesized to relate to recognition errors, decision errors, and risk-taking behaviors
involved in traffic accrdents This study should be considered preliminary since its results and
conclusions are based on a non-representauve sample of the driving populauon ie., college
students

2.3.6.1 Methodology

Subjects and Design. Four hundred Indiana University freshman students who were
licensed drivers between the ages of 18 and 19 inclusive served as subjects in order to fulfill a
requirement for their Introductory Psychology course- Subjects who reported being involved
(regardless of faull) in three or more traffic accidents as a driver during the prior three years
were classified as the High Accident Group (N =23}, and a No-Accident Group (N = 23),
matched for age, sex and average annual mileage, was selected from the pool of subjects who
reported no accrdents durmg the prior three years. There were 13 males and 10 females ineach
group. s :

. Materials. A 24- -page questionnaire - was developed which consisted of two basic
information sections, twenty short untimed test scales and two timed tests of three minutes
each The tests are described below. ‘

L Basrc Demographwlnformatlon consisted of12 questlons concerning age seX, marital
status, income, educauon etc.

2. Basic Dnvrng Record: consisted of 10 questions concerning average annual mileage,
total number of years as a licensed driver, traffic violation history, traffic accident history
lncluding description of driver’s “errors”, damage, configuration

3. Alcolioland Drug Use: consxsted of four questions concermng tranqulllzer crgarette and
- alcohol Jusage.

4. Manifest Anxrety consisted of ll item checklist of manifest anxrety, such as headaches
stomach aches, etc., adapted from Selzer and Vmokur (1974), and from items from the MMPL.

5. szenshlp consisted of 6 questlons concernmg votmg frequency, church attendance,
. club meetmg attendance
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6. Soc1al Participation: asked subjects to list all club or orgamzations they belonged to
durmg past five years and the extent of their partlclpauon S

LI LY

7. School Somalrzatron asked subjects to check “often”, sometrmes rarely or* never”
for 15 such school-related events such as playing hooky, recewmg awards getting. suspended ‘
having conflicts with teachers, etc. .

8. Juvenile Delinguency: 9-item’ checkhst consrs[mg ofregular cxgarette smokmg before age
L7, juvenile arrests and convnctlons runnmg away, full time job during school year, school
drop out, etc. ‘

9. L1fe Changes: 23-item checklist of current changes mvo]vmg getting married, trouble
with parents, death of friend, school ploblems fmdncml change etc dddpled ﬁom belLer and
Vinokur (1974).

10-13. Katz Adjustment Scales: asked subjects to check “almost never”, “sometimes”, oflen“,
“almost always” to 44 behaviors océurring during the past six months; consrste_d‘ of the
following four scales adapted from Katz and Liverly (1963). ‘

10. General Psychopathology: consisted of 24 quesfiehs such as “Felt people didn’t care
about me,” “Had mood changes without reason,” “Acted confused,” “Behavior was childish,”
etc. ‘

. 11. Belligerence: consrsted of 4 questions such as “Got angry and broke thmgs,” “Gotinto
lfxghts with pedple,”

12. Negativism: consisted of 9 questions such as “Was stubborn™ and “Did the opposite of
what was asked.”

13. Withdrawal: consisted of 6 questions such'as “Was very slow toreact” and “Was quiet.”

14. Anti-Social ‘Tendencies: consisted of 20 yes-no items selected from the Pd scale of‘the.
MMPI and Socialization scale of the CP1, such as “My parents often objected to the kind of
people | wentaround with,” or “My way of doing things is apt to be misunderstood by others.”

s, Anxiety: consisted of 10 yes-no items selected from the MMPl and CPI sucb as“Ifind it
hard to'keep my mind on a task or job,” or “I work under a great deal of tension.”

16. Impulsivity: consisted of 10 yes-no‘items from the MMPI and CPI such as I consider a
matter from every standpomt before I make a decision,” or “1 do whatever ]Tld.kCS me feel.
cheerful here and now.’

17. Pro- -Religious Attitudes: eight forced choice items adapted from the Allport Lindsay
Scale of Values Test, such as“I would prefer to be: mathematician or clergyman, or“Whrch is
more 1mportant for mankmd mathemaucs or theology.” '

I8. External Locus of Control: seven’ forced choice items adapted from Rotter’s Internal-
External Locus of Contfol Test, such as “Concerning inflation: We have means to handle
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" inflation-of Theres little we can do,” or “People like myself can change the course of world
events: | agree or | disagree.” ' ‘
19! Drivet Alttitudes for Risk Taking: consisted of 9 yes- no items adapted from the Pelz-
Schuman Test, such as: “Durmg the past few months 1 have gone driving to blow off steam
'aftet an argument at least once.” - - S s

20 Driver Att1tudes for Unsafe Drrvmg consisted of 10 yes-no items adapted from the
Rommel Driver Attitude Scale, such as “1 find driving a forim of relaxation which I use to
relieve my tensron or “I'd rather have an old car with plenty of guts than a newer model with
less power.” » ‘

21. Driver Attltudes for Competmon consisted of6 yes-no items adapted from Goldstein
- (1962), such as “lt s a-thrill to outwit other dr1vers

22. Drrver Attrtudes for Speed: consisted of § yes no items adapted from Goldstem (1962)
such as “Drrvmg at hrgh speeds grves you a sense of power.” ‘

" 23, Clerrcal Ability for Fmdmgs A’s: gave SubJCClS 3 minutes to circle each word in a 750-
word list that contained a letter “a™; score based on total words correctly circled, adapted from
French (1963). : ‘

24 Clerical Abrllty for Number Comparisons: gave subjects 3 minutes to check each pair of
digit strings in a 96-pair list that were not the same, such as 34861890173-34861840173. Score
based on number correct minus number wrong, adapted from French (1963)

A complete questionnaire is shown in Appendix N

- Procedure. The questionnaires were passed out to subjects during class. Instructrons were
read, but no mention was made of the true purpose of the study. Subjects were told notto sign
their questionnaires and that their responses would be totally confidential. During class the
two 3-minute timed tests—Finding A’s and Number Companson—were administered.
SubJect’s were then allowed to take the questionnaire home and to return the completed
questionnaire at the next class meeting: . :

" Subjects without a driver’s license and who were not either 18 or 19 years old were
eliminated from the sample. Of the remaining group, test responses were scored for the 23
. subjects who reported involvement in three or more accidents (High Accrdent Group) and
‘_ for a more matched control group of 23 subjects (No Accident Group)

2.3.6. 2 Results

The mean score for the two groups for each ofthe 22 short tests (or scales) is presented in

) Table 2-19. Individual t- tests indicated several reliable differences between means (see Table 2-
19) and a drscrlmmant analysrs of the standardized scores revealed that the seven tests which
dlscrrmmated best between the two groups were, in order of the1r drscrrmrnant function
coefficients: General Psychopathology (.90), Anti-Social Tendericies (.64), Number
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- Table 2-19

, Mean Score for High Accident andNo Accrdent Groups on 22 Tests

: r.VaIue

p Value

No Accudent Hrgh Accident Dlscrlmmant
Test Group Group (df=44) Function
. . : . . Coefficient
~ Alconal-Drug Use (+) 374 5.26 206 <.05 38
Personal Maladjustment ' o
Manifest Anxiety (+) 78 83 - .13 ns 24
Life Changes {+) 33 496 -2.16 <.05 04
Katz: General : : .
Psychopathology (+) 1465 - 21.26 ©-3.24 - <.01 91
Katz: Withdrawal (+) 422 4.70 N 14 ns -43
" Anxiety (+) A 3.04 -1.14 ns: -.03
Social Maladjustment : ‘ - : C
Citizenship (-) 9.04 7.83 .76 ns -53
" Sacial Participation (-} . 3383 3257 14 P ns 08
" Juvenile Delinguency (+) 26 ] 286 <0 27
School Socialization (-) 1287 11.35 205 - <.05 - =52
Katz: Negativism {(+) 1474 16.52 =217 <.05 58
.Pro-Religious Values (-) 4.09 374 .52 ns 08
"' External Locus of Control (-) 3.26. 226 - 2.05 <.05 - 57
.. Antisocial Tendencies (+) 6.74 9.13 =3.01 <.01 . 64
lmpulswuty ’ . T ‘
Katz: BeII|gerence( ) 530 . 6.04 -1.60 <12 -4
Impulsivity (+§ - ) 387 - - 517 --189 < o7 -14
Pelz-Schuman: Risk Taking ‘

- Attitudes () - 317 4.04 -153 <.14 24
Rommel: Unsafe Attitudes (*)‘ 2982, 535 29 ns -39
Goldstein: Pro-Competition .

" Attitudes (+) . 213 213 0 ns 23
Goldstein: Pro-Speed ' : - :
Attitudes (+) 270 2.57 . .44 . ns -.14
Clerlcal Speed Accuracy 7 . )
Finding A’s (-} 213 38.09 1.32 <20 - 07
Number Comparison (-) 28.30 20.30 2.87 <0 S -59

Note. P‘I-'us {+) indicates prediction that High Accident score is higher than"Nc Accident score; minus (-) indicates pre-
*diction that High Accldent score is lower. Out of 22 tests, 19 scores occurred in the predicted direction, I ued and 2.

occurred in the reverse drrechon

Companson (-.59), Negatmsm (.58), External Control( 57, szenshlp (- 53) School

- Socialization (-.52).

A factor analysrs revealed erght major factors w1th the followmg structure (loadmgs

mdncated in parenthesrs)

1. ~Negatrvrsm (.78).

. B
. v
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2. Social Partlclpatlon (.41), Pro-Religious (.31).” U

3. Risk-taking Driving Attrtudes (-.19), Unsafe Drlvmg Attltudes (25) Pro- -
" Speed Attitudes (45) :

4. School Socialization (.21), Belhgerence (18) Pro-Competltrve Drlvmg"'f'“
Attitudes (.47). ‘ )

5. General Psychopathology (.65), -Withdrawal . (.27), Anxiety (.23);
Cltlzensh1p( .28).

6. Anti- Socral Tendencies (. 55) Alcohol- Drug Use (.28), Life Changes ( 17)
7. Number Comparlson (.41), Finding A s (41)..

8. -External Control (- 31), Juvemle Deltnquency (.24), Impulsrvrty (23) -
¢ Manifest Anxiety (. 08) .

Of these factors, # (Pro-Social Institutions) and #3 (Risk- takmg Driver Attltudes) seem to
be of little value in dlsungurshmg the accident from the control group. Of the remaining six
factors which may be important, #5 seems to correspond to the general factor of personal
maladjustment, #6 seems to correspond to the general factor of social maladjustment with #8
(hostility), #1 (negativism) and #4 (competmveness) closely related Number 7 seems to
measure general clerical ability. '
The High Accident group scored. rehably hlgher in alcohol—drug use; however, the fact that
the alcohol- drug scale did not play a strong role in the dlserlmmant function suggests that it
adds little information to other, more drscnmmatmg tests. For example, factor analysrs
révealed that the alcohol-drug scale has its highest factor loadmg on the same factor as the
Anti-Social Tendencies Scale’s highest, loadmg : ‘
. The High Accident group also scored higher on all ﬁve tests of personal malad;ustment,
revealing hrgher levels of manifest anxiety, anxiety, withdrawal, general psychopathology and
life changes; however, only the latter two measures reached statistically reliable levels. Again
the fact that only the general psychopathology scale achieved a high discriminant function
'coeffrment suggests that the other tests add little mformatron This idea is supported by the
results of a factor analysis. which revealed that general psychopathology, withdrawal and
anxiety all load most heavily on the same factors, while life changes-loads most heavily on the .
same factor as anti-social tendencies, and mamfest anxiety doesn't load heavrly on any factor.
The ngh Accident group also scored reliably higher in social maladJustment as measured
by juvenile delmquency, negativism, anti-social tendencies, and scored lower in social
adjustment as measured by school socialization, external locus of control cmzenshrp, social
participation, and pro-rehgmus values, although the latter three failed.to reach statistical
significance. Five scales received high discriminant function coeff1c1ents indicating that each
adds unique information in drstmgurshmg the accident from the control group. None of these
factors—crtlzenshtp, school socialization, negativism, external control and anti-social
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‘ tendencres—has its hlghest loadlng on the same factor, whllejuvemle delinquency loads on the
same factor as external control; in addition, pro-rehglous values and social participationshare
a common factor which apparently does not distinguish the accident from the control group.
Apparently social maladjustment is an lmportant variable that has several umque
components.

The High Accident group also tended to score hrgher on personahty measures of
1mpulsw1ty and belligerence, but of the related driver attitude measures, only the adapted Pelz-
Schuman test for-risk taking driver attitudes produced large differences. Even in these cases,
the differences among the groups reached only marginally reliableé levels and none of these tests
received a high discriminant function coefficient. The factor analysrs revealed a mutual loading
of the driver attitude scales on a single factor, apparently one that does not powerfully
distinguish between the two accident groups, ‘and the remaining factors do not seem to load
highly on any of the eight factors. These results suggest that impulsivity is only a mildly
important factor, and that the driver attitudes abOut risk may be tapping a different factor than
personality measures of 1mpulsw1ty

Fmally. the High Accident Group performed more poorly on the two clerical tasks and
these two tasks load neatly onto the same factor "Thus, clerical ablhty seems to be a single
factor mlldly related to accident record, with number companson—by virtue of its hrgh
dlscnmmant coefilclent—the more useful measure,

2. 3 7 Valtdanon Study (Study No. 2)

- In order to ascertain the predlctlve vahdrty of the. dlscrlmmant function established in the
““above study, the identical questionnaire was administered to 200 subjects with ‘the same
- characteristics as the original study. From these, seven High Accident and seven matched No
“Accident-drivers were obtained; as in the original study. The discriminant function of the
- original study correctly assigned over 90% of the original sample (i.e:, 42 out of 46) and
“correctly predrcted the actual’ group membershnp of over 85% of the vahdatron sample (120ut
of 14). : ’
"~ The, disctiminant function score and predicted group membershlp isgiven in Tab1e2 20 for
the vallddtlon subjects These results clearly indicate that it is possible to distinguish between
very high risk drivers and no accident drivers on the basis of short tests not “directly relevant”
to the drmng task. The fact that the discriminant function established in the original sample
" was able to predlct group mcmbershrp of new cases in the validation sample indicates that
measures such as soclal and personnl adjustment are relevant and valld measures of driving
behavior.

" For purposes offurther analysis, the orlgmal and validation samples were combined (Table
2-21). All the reliable dxfferences noted with 46 drivers were retained at similar or smaller x
~levels, and two additional scales reached: statistical sngmfrcance the High Accident Group
scored higher than the No Accident Group on the 10-item personahty measure of impuisivity (1
» (58) =261, p < Ol) and on the modlﬂed Pelz Schuman test of drlvmg attrtudes relaled to
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Table 2-20

Predlctlon of Group Membership of Validation Sample Based on
Discrlmlnant Function of Original Sample

Driver Actual o Predicted Discriminant

No. . “Membership Membership C Score
1 Control ' Control ' -3.86
2 Control : Control B - .78
3 Contral Control ) -1.36
4 _ Control ‘ Control C .~1.10

] Control . Accident = +1.46.

6. Contro! . Control -2.07
7 Control Control -1.40

- 8 Accident Accident + .24
9 Accident Accident o , + .04
10 - Accident, - . Accident . +3.75

-1 Accident Control ) C - .93
12 Accident ‘ Accident - +.35
13 Accident Accident ‘ +2.31
14

‘Accident Accident +1.03

. impulse control and risk-taking (¢(58) =-2.26, p <.05). The scales which best distinguished the
groups based on a discriminant were (coefficients in parentheses): Citizenship (-.87), Anti-
social Tendencies (.80), General Psychopathology (.61), Number Comparison (-.56),

l Withdrawal (-.54), Negativism (.48), External Control (-.47), and School Socialization (~.37).
This list is essentially similar to the one obtained earlier except that the Katz scale of
Withdrawal has been added. A factor analysis based on the data for 60 drivers revealed the

- same general factor structure as with 46 drivers except that Belligerence now loads highest on
factor 1, and factor 8 is eliminated ‘with Impulsivity and Manifest. Anxiety now loading on
factor 4, External Control onto factor 5, and Juvenile Delinquency onto factor 6. It may be
seen (Table 2-21) that results do not differ markedly between sexes; in fact, males and females“ :
displayed similar patterns for nearly every scale, rendering the number of reliable dlfferences
for the total (male and female) groups of particular interest.

Conclusions from Studles 1 and 2

Because these results are based ona small (N —60) and fairly limited sample (licensed college
freshmen, ages 18 and 19), their generality is obviously limited. However, these findings
-provide. modest support for the idea-that high accident drivers do differ from no accidenit
‘ drivefs and are most promising in their support for several theoretical notions concerning the -
dif ferences 'These results are overwhelmingly consistent with the idea that personal -
maladjustment (i. e, problems with one s self) and social maladjustment (e.g., problems with '
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Table 2-21

Mean score for Acmdent (3 or more) and Control (No Acmdenls) Groups on 22
'Tests

Males . females - o Total - Discriminant

Control.  Accident  Control.. Accident  Control. . Accident  Function
Test - (N=18) (N=18)  (N=12)- . (N=12) . (N=30) (N= 30) Coefficients
Alconal-Drug Use. (+) S 444 61im -~ 300 - 450m. 3.87 °5. a7 ‘ '
Personal Maladjustment : S . : .
- Manifest Anxiety (+) 100 - 072 1.00 ~ 125 . 100 . 093
" Lite-Changes (+) 344 . 500m . 383 442 - . 360 47Tm -
Katz: General ’ : 3 7 S - B
"~ Psychopathology (+) 15.78 .- 21.00 . 1425, 21.08* 1517 21.03* - +061-
Katz: Withdrawal (+) . 4.44 '4.94 350 325 4.06 427
Anxiety (+) - - 278 300 - . -258 3.58m 2.70 323
Social-Maladjustment R : - : . .
Citizenship (-) . 872 6.17m . 967 875 910 7.20m 087"
~ Social Participation (-) - 18.44 1956 | - 46.42 © 3942 . 2983 2750
“ Juvenile Delinquency (+) 039 - - 122 017 - 050m- .~ 030 .093 . S
School Socialization (-) 12.56 - 10.56* 13.25 1275 . 12.83 143 - =037
Katz: Negativism (+) 1488 1722 1392 . 1533 - - 1450 1647 +0.48
Pro-Religious Values (-) 378 . 389 492 375 - 423 383 B
External Locus of Control (-) 361 ~ . 228 - 308 . 258 340 240" =0.47.
Anti-social Tendencies (+) 722 °° + B8Im 650 9.75'm 6.95 - ‘920* +0.80
Impulsivity . ) . .
©  Katz: Belligerence (+) 572 . 622 525 - 6.08 553 —6,17m'-'
Cmpulsivity (0 S 447 - 567 375 5.17m 400 5.47°
" Pelz-Schuman: Risk Takmg : ) . : ) C
' Attitudes (+) - 294 o456 275 - 300 - - 287 393 -
. Rommel: Unsafe Attitudes (+) 539 - 578 475 - 425 "513 . 547 ¢
- Goldstein: Pro-Competition - 0 e . ) : T
- Aftitudes (v . - 222 25 142 1.58 1.90 217
Goldstein: Pro-Speed o I o o
. Attitudes () Co 283 2.78 225 2.50 - 2.60 2.67
" Clerical Speed Accuracy. ’ R : : : T o
Finding A's (-} - - 4367 3967 © 3950 40.25 42 00 3990 . - -
: Number Comparison (-) - @ 31.78 2250 . - 2475 2233 28.97 22 43* -0.56

Note Plus (+) mdlcates predlctlon that Accident score |s hlgher than Control score; minus (-) indicates pred|ct|0n that Accx
dent score is lower. Asterlsk (*) indicates significant difference between Accident and Control means at p < 0.05 by two-tailed
t-test, and the letter “m” indicates a marginally significant difference at p < 0.10. Qut of 22 tests, 18 differences occurred in the
predicted directioin for males, 19 for females, and 21 for total.



society) are related to higher accldent rate, to a lesser extent cogmtrve abilities (e. g clerical
abilities) and impulsivity are related to accidents.

At this point in our understanding, the mechanisms underlying the relationships may only
be hypothesized. Several reasonable interpretations of the fact that high accident drivers score
hrgher in personal maladJustment are: (1) that such drivers are “mixed up” (e.g, their
information processrng system is cluttered with non- drmng information), and thus they are
more likely to miss important information or to mrsmterpret it; (2) that such drivers are
depressed to the point of bemg mildly suicidal, and thus they are less likely to protect
themselves from danger. Possible implications of these respective theories are that drivers
scoring high in personal maladjustment should be more likely to commit perceptual errors,
and decision errors, or to be involved in smgle vehicle accidents. ‘ '

The fact that social maladjustment is higher in accident dr1vers than controls suggests a
general sense of .antisociability, negativism, and hostility that is manifested in the driving
situation. This idea predicts that drivers would lash out against society by intentionally
engaging in risk- taking behavior and thus be engaged in accidents involving high speed, etc.

Impulsivity and driver risk- taking attitude were only mildly important in this study.
However, this may be due to the low number of subjects and very short’ attrtude scales used.
Impulsivity would be expected to result 1n risk-taking behaviors.

-Finally, the fact that poor clerical ability was related to auto crashes is also consistent with
the information processing 1dea that people who are poor at processing perceptualinformation
are likely to make recogmtron errors while driving. Future research is needed to test these
predictions. o -

In short, while the generality of these results is limited, we believe they are quite promising
for future research aimed at developing a theory of human accident involvement. While our
questionnaire is not intended to be, nor would it serve well as, a licensing criteria, this line of
research can contribute modestly to our understanding of the mechanisms underlying human
error indriving performance. The present results indicate that the same patterns exist for males
and females, but differences in the absolute levels encourage separate norms, by sex, in future
test development (Harrington, 1972)

2.3.8 Supplemental Study Using In-depth Interviews (Study No. 3)
2.3.8.1 Introduction

‘ Although the pilot and validation studies described above encourage the idea that certain
psychological, social and cognitive factors may be re]ated to accident involvement, the findings
are limited by the fact-that self-reports of a small, young sample were used. To help overcome
the problems inherent in self-reports and to expand the subject pool, the following
analysis—based on accident-involved drivers already interviewed as part of IRPS’ in- -depth
level of data collection (Level C)—was conducted. This approach also permitted a comparrson

of driver measures with “culpability” or specific type of error committed.
In order to initially evaluate the role of psychological factors in accident involvement, the
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responses. of drivers on the In-Depth Human Factors Form were analy7ed ltems were selected
(rom ‘the 1n-Depth Form to produce scales for six psychologteal—soual and related lactors
which—based on the review and rcsults of the section—might be related to driver risk- -taking
behaviors that result in accident involvement. The six scales, or profile scores, were personal
adjustment, social ad]ustment impulse control, alcohol-drug use, prior record and socio-
cconomic status (SES). These scales include all the independent variables listed in Table 2-18
except information processing. Although selection of scale items was post-hoc in thepresent
study, one purpose was to determine the usefulness of devising a new Human Factors Form
specifically aimed at these factors. :

2.3.8.2 Method

Subjects and Design. The data was based on 287 drivers who had been involved in traffic
accidents and were given In-Depth Human Factors interviews. Of these, 110 drivers were
found by a multidisciplinary team to have been not-at-fault,and 177 dnvers were assigned one
or more human errors based on the causal factors.

Materials. The six profile scales, based on items selected post- -hoc from the In-Depth
Human Factors Form, are as follows:: ‘

1. Personal Ad_]ustmentle questions concerning emotional strain, manifest
anxiety, disagreements, etc. (Questions 12, 18, 19-24, 98 and 106 on the In- Depth
Human Factors Form; see Appendix M).

- 2. Social-Adjustment—3 questions concerning marital status, attltudetowards pOllce

' (Questtons 9, 10, 135 on the Human Factors Form).

. 3. Socio-Economic Status (SES)—4 questions concerning income, education,
occupation (Questions 5-8). ‘
4. Impulse Control—5 questions concerning seat belt .use, steermg and braking
habits, etc. (Questions 73, 74, 97, 98, 148). :
5. Alcohol/Drug Usage—20 questions concerning frequency and amount of drug and
alcohol consumption (Questions 28-32, 33-42). :
6. Prior Record—9 ‘questions concerning prior traffic citations and prlor accident
involvement (Questions 28-36).

Procedure. Accident-involved drivers provided spoken responses to questlons read to them
by IRPS interviewers as part of the in-depth human factors 1nvest1gatlon

2.3.8.3 Results.and Discussion -

" Involvement Analysis. Table 2-22 shows the profile scores of drivers who were involved in
accidents and were judged to have committed anerror and those whodid not'commit an error.
Higher scores indricate‘malddjustment lower SES, poorer impulse control, more drug/ alcohol
usage and worse prtor record. Separate analyses of variance revealed that drivers who
committed errors tended to score higher in personal and in social maladjustment as compared
with drivers ‘who did not commit errors. ‘A discriminant analysis performed on these data
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Table 2-22

Average Profile Score for Drivers Who Did and Did Not Commlt
Human Errors

Profile o . No . Human » _
Scale - : S “Error . - - Error - F P
Personal Adjustment o 23 278 3.47 .. .06
Social Adjustment . . 69 .88 5.76 o .02
Socio-Ecanomic Status 166 . 1.64 <1 - ns
Impulse Control - . 210 2.10 <1 ns
Alcohol/Drug Use 67 .82 -G ns
Prior Record 280 3.25 © 224 ‘ 14

NOTE: Higher. scores indicate;‘maladjustment, lower SES, poorer control, more aIcOhoI'.use_poorerl
. record. For each group, th,evap‘proxirrnate number of drivers was 110 and 177 respectively.

revealed social adjustment, personal adjustmerit and alcohol use as the most important scales
in dlscrlmmatmg the two. groups, however the discriminant function failed to reach statlstlcal :
sngmftcance ‘ ‘ ‘ ‘

" These results are encouraging for the idea, suggested by a review of the literature, that '
personal and social maladjustment are'related to accident involvement. In order to determine

.. ‘whether these profile scales were related to specific types of driving errors, a subsequent
analysis was performed.

- Error Analysis. Table 2-23 glves the profile scores for drivers involved in accidents who
- committed a-recognition error, other errof, or no error. Accident-involved drivers who did not
commit an error may be considered a control group with which drivers who commit errors may
‘be compared For personal and social adjustment, the no-error group scored lowest and the
non- recogmtlon error: group scored slightly higher than the recognition error group. These
differences were marginally reliable; based on separate analyses of variance.

+ Since the literature review (above)strongly suggested social and personal adjustment as sthe
two most likely pérsonality factors related to driving behavior, the present results are
consistent. In the present case the differences in profile scores between at-fault drivers who
committed recognition errors and those committing other types of errors are not great,
although bothi'are considerably higher than the not-at-fault group especially for social and
personal ad_]ustment Thus, although our scales wére not’ able to predlct type of error, they do
seem related to accident causation. . "

In order to further assess the relationship between our profile scores'and type of driver:
er ror, the average scores for several non—mutually excluswe error groups were'determined and
‘are.shown: in Table 2-24. :

For personal maladjustment no error drivers scored lowest (bestadjusted) and drivers who |
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Table 2-23

,Average Proille Score by Type of Error Committed

Type of Error

- Profile » No  Recognition ~Non-Recognition

Scale | Error. - Error . Error ’ F p
Personal Adjustment 226 - 210 o 278 S202 14
Social Adjustment 70 N 84 ‘ B} 276 07
Socio-Economic , ‘ ‘ : o ‘ :
Status 1.62 1.62 R, (] A5 7 ns
impuise Gontrol - 209 2.04 2.14 38 ns
Alcahol/Drug Use -' J0 0 % . -84 3B 7 s
Prior Record - ‘ 2.86 R < S N 18

NOTE: Higﬁer ‘écdres indicate maladjustment; lower SES, bobrer cantrol, more-alcohol use, poar record.
For each group the number of drivers was approximately 99, 69 and 88, respectively.

committed errors due to conditions and states (including alcohol) and inattention scored
highest. Separate analyses of variance comparing each error group- with the non-error group
indicated reliable differences for inattention, alcohol and human conditions and states. These
- results are consnstent with the idea that personal problems. may distract and pre-occupy the
driver. : : o
- For social maladJustment the “no error” group and performance error group scored low,
but the other error groups scored higher. Separate analyses of variance revealed significant
_differences from the no error group for decision and recognition error. groups. Thus, anti-
.sacial drivers may share some of the problems of the above group, but also may commlt
.decision errors: presumably due to a conscious decision to drive recklessly.

Forimpuise control, only alcohol drivers: scqred,rellably higher than the control group: For
prior record of alcohol use, drivers committing inattention errors.scored lowest, and as would
.be expected, drivers with alcohol-related errors scored highest. For prior driving record,
alcohol drivers and drivers making decision errors scored highest, as compared with the
.control group. In ourstudy, socio-economic statusscores were equivalent for.all error groups.

- These results are consistent with the cluster analysis discussed in Section 4.0 of this volume.
'For-example, the personal adjustment scores of cluster 2 (not-at-fault), cluster | (recognition
error), cluster 4 (decision error), and cluster 5 (human conditions and states) were 1.5,2.2,2.8,
and 3.5 respectively; the same scores for social ad_]ustment were -.50, .90, .70, and 1.1
_respectively (where in each case ‘higher scores reflect. poorer. adjustment). Since both the
cluster analysis and the present analysis are based on the same data, this correspondence is not
.surprising; however together they' encourage further research in this area.

-83 -



- v8-

Table 2-24

- Avler.ager‘ Profile récbres;—fdr“GrOUps of Drivers Who Commited Specific Errors

- Human

- : -~ No - - Recognition  Decision  Performance  Conditions - Al'cohol Inattention
Profile - “Error . FError - Error . - Error - - ~and States Error Error .
- Scale © O (N=T10)° (N=177) . . (N=89) {N=20) (N=20) - (N=5)  (N=23) ~
Personal Adjustment-. 234 2.70m ~273m 305m . 345 480 326
Social Adjustment - 69 8¢ - - 8 65 9%m  100m 87
Socio-Economic , ' S T S
- Status Soo166 0 162 - 158 . 13 167 160 150
Impulse Control 210 - 204 209 217 a1 300 22
Alcohol/DrugUse & @ ' 10m . ® 8. 4sT 15
~PpriorRécord . 280 asem 366" - 3% 279 - 425 345

,Note For each group the “approximate number of subjects was approxnmately 110, 77, 89, 20 5, 23

.- . .respectively. Asterisk (*) indicates.score -is significantly-different from No.Error group at'p < .10,

’ and ‘doublé asterisk (**) indicates significant dlfference atp < .05, m indicates score is ‘mar--
: ,gmally dlfferent from No Error group atp < 20 S .



2.3.8.4 Conclusions
Taken rogether, these sludies suggest that:

1. Personal maladjustment—mcludmg anxnety, personal problems, etc.—is
related to acc1dent mvolvement o l

2. Social maladjustment—mcludmg anti-social att1tudes fallures w1th soc1al
institutions, etc. —1s related to accident involvement,

3. Drivers commlttmg any error especlally alcohol, condmons and- states -and
inattention errors are more _personally maladjusted than controls. One
hypothesns is that personal problems may pre- occupy or dlstract thedriver.

4. Drivers commlttmg almost any error, especlally recogmtlon and decision
errors (and. possibly alcohol errors) are more anti-social -than controls.
Socially maladjusted drivers may make a conscious dec1snon to drive more
recklessly

5. Alcohol-error drwers tend to lack lmpulse control These last three fmdmgs
suggest that personal maladjustment social maladjustment and lack of
control may-all.be factors underlymg the alcohol-errmg driver, Further
research is needed to clarlfy this pomt ’

2 4 Dnver Charactensllcs and Culpablllty

" The purpose of thls sectron is to investigate the relatlonshlps between accident-involved
driver characteristics and driver culpability. Driver characteristics chosen for investigation are
driver age, sex, driving experience, vehicle famnllarlty, annual mlleage and road area
familiarity. Culpability is decided by technician level investigators. Accident-involved drivers
are classified as culpable if investigators determine driver behavior/ physiological-
psychologlcal condmons or states have in some way caused or increased the severity of a motor
vehicle accident. — otherwrse they are noncuipable. . .

The first subsection investigates the effects of accident-involved driver age and sex on
driving experience, vehicle familiarity, annual mileage-and road area famlllarlty Information
from this analysis is used in subsequent analyses to ad_]ust driving experience, vehicle
familiarity, annual mxleage and road area familiarity for the effects of age and sex, allowing the
assessment of - culpablllty relatlonshlps after effects attrlbuted to age and sex have been
removed. ‘ :

The second s'ubsection discusses the procedures used to control driving experience, vehicle
familiarity, annual mileage and road area familiarity for the effects of age and sex.

The . third subsectlon analyzes the relatlonshlps between culpability and age, driving
expenence, vehicle famlhanty, annual mileage and road area familiarity for male and female
acctdent—mvolved driver groups. In addition, male and female, culpable and nonculpable

{
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drivers are compared on the basis of age-adjusted driving experience, vehicle faniiliarity and
annual mileage. ,

Summary of Results

Female culpability is related to road area familiarity, age-adjusted driving experience, and
age, but not to either vehicle famlllarlty or average mileage. Nonculpable accxdent imvolved
women are characterized as having high road area familiarity, more driving experience than
would be expected for their age and either bemg over 54 or35to044 years old. Culpable women
drivers are characterized as having zero to moderate road area familiarity, moderate driving
experience for their age and being under 25 or between the ages of 45 and 54.

Male culpablllty is related to road area tamlhanty, age-adjusted vehicle familiarity and
“age /experience,” but not to annual mileage. Nonculpable men are characterized as being more
familiar with the road, having more familiarity with their vehicles than would be éxpected for
their age and being between the ages of 35-54. Culpable men are characterized as having little

road area familiarity, having less familiarity with their vehicles than would be expected for |

their age and being young (15-19) or old (over 64).

2.4.1 Relanonsths Between Age/Sex and Driving Expenence Vehzcle Familiarity,
Annual Mileage and Road Area Familiarity :

In order to assess the effects o( accident-involved driver age and sex ondriving experience,
vehicle familiarity, annual mileage and road area familiarity, a two-factor analysis of variance
model was used. Drivers were divided into two sex groups (lactor 1) and seven.age groups
(factor 2)—a 2x7 factorial design—with the criterion measures being driving experience,
vehicle familiarity, annual mlleage and road area familiarity. Results are presented in flgures 2-
[ through 2-4. .

Two-way ANOVA results of driver age and sex on driving expenence are presented in
Figure 2-1. Results show that accident-involved men have significantly more driving
experience than women (168.25 months for men and:152.11 months for women). In addition
there is a large age main effect—younger drivers have less experience and older drivers more.
An interesting interaction effect is also present. Men and women under 35 have about the same
average driving experience while women over 35 have increasingly less experience than their
male counterparts. This is probably because more women than men enter the licensed driving
population at a later age.

Age and sex effects on vehicle familiarity are presented in Flgure 2-2. Results show that

- accident-involved women are more familiar with their vehicles than accident-involved men
" (19.27 months for men and 23.62 months for women). Vehicle familiarity is'also significantly

" related to age. Young accident-involved drivers have less vehicle familiarify than older drivers.

g

‘There is no significant interaction effect.
. Age and sex effecls on exposure as measured in annual mlleage aredisplayed in Flgure 2-3.
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. 3004 .

2004

Figure 2-1

Average Drivlng Experience (in Months) by Age and Sex for
Accldent-Involved Drivers ‘

6004 .

5004

400

1004

Two-Way Analysis of Variance Tabie for Drlvlng
Experlence In Months

Source of : _ o
Variation’ Sum of Squares DF: F " Significance
| Sex | 408602472 1 3096.789 p<.001
" Age 74,440,670.325 6 118.702 p<.001
Sex by Age 765,345.007 6 37.056 p<:001
Residual 10,485,02.541 ' 3046 ‘
Totéil . 85869883508 3059
Sourde: Phasés it 1, lV‘ and V onjslta accident—infvulvad c:!rl‘vers.‘ o

" 25-34 35-44

under 20-24
20
Driver Age
+ b +  men  (n=2021)
O =mm————— o women (n =-1039)
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~Figure 2-2

Average Vehicle Familiarity (Months Driving Experience) by Age
and Sex for Accident-invelved Drivers '

40+

Average
Vehicle
Familiarity
(in Months
Driving
Experience)

i " | T / 7
‘ e} .

+

20- | L o .
T ® " Two-Way Analysis of Variance Table for Vehicle
+

Famitiarity in Monthse

Source of
. Variation Sum of Squares DF F Significance
Sex ] 8,864.911 1 17.988 =.001
10+ Age 179,709,528 6 60.777 . <.001
Sex by Age .. 3,122.393 6 1.056 < 387
Residual . . 1485,824.915 3015
Total . 1,681,530.190 ° 3028
_'Source: ' Phases II, Ill, IV and V on-site accident-involved drivers.
© under 20-24 25-34. 35-44 45-54 " 55-64 65
.20 : . - and
Driver Age over
F emmeee + men (n = 1995)
O ====m--- o] women . (n = 1034)
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Figure 2-3

Average Annual Mileage by Age and Sex for Accident-Involved

Drivers
20,0004
17,5004
15,000
12,500
Average
Annual
Mileage
10,000 =
0
7,500~ o .
Two-Way Analysis of Varlance Table for Annual Mileage
Source of ‘
variation Sum of Squares ~ DF F Significance
5,000~ - —
Sex 2,877,667.456 1, 38.490 p.001
Age 1,926,573.907 6 178675 P 001
» _ _Sex by Age | 433,278.535 6 4.484 p< 001
2,500 Residual . 11.694,449.342 2713
Total 48,467,053.254 2726
Sourc_e: Phases II, I, W and V on-site accident-involved drivqrs.
20-24 - 25-34 ©  35-a4 45-54 55-64 65
: . ' and
Driver Age

men  (n = 1886)
women {n = 841)
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Accident-involved men drive more than accident-involved women (17,200 annually for men
and 10,800 annually for wvomen). Accident-involved drivers under 20 and over 64 drive
significantly less than middle aged accident-involved drivers. A significant interaction eftect
exists between age and sex. This is because annual mileage for accident-involved women
between the ages of 20 and 54 remains relatively constant (11,000 miles per year) while annual
mileage for men in that age range first makes an initial dramatic increase (for 25-34 year olds)
. followed by a gradual decline during later years.

Age and sex of accident-involved drivers do not influence road area famllxanty (see Flgure
2-4). This is quite a surprising finding. One might expect young accident-involved drivers to be
'~ less familiar with the roads they drive than older drivers. Since this did'not happen, it's possibly
reflective of the highly mobile/transiem nature of the study area driving population.

2.4.2 Adjusting Drzvmg Experlence, Vehicle Familiarity, Annual Mileage and Road Area
Famtltartly Jor Drzver Age and Sex

In order to adJust driving experience, vehicle familiarity, annual mileage and road area

familiarity for the effects of sex, drivers were divided into male and female groups and analyzed -

separately. This ‘was done. in lieu of numerical adJustments in -order to simplify the
interpretation of results. ‘ :

Male and female groups were adjusted separately for the effects of age. Regressnon
techniques were used to remove age effects from driving experienice, vehicle familiarity and
annual mileage distributions. (Road area familiarity was not adjusted for age because ANOVA
results indicate no age effect-exists). Drivers were divided into seven age classes (under 20, 20-
24, 25-34,35-44,45-54, 55-64,:65 and over) and the residuals of dummyvariable regression (age
classes as dummy variates) of age on driving experience, vehicle familiarity and annual mileage
used in subsequent analysés as “age-adjusted” driving experience, vehicle familiarity and
annual mileage. S 7

" 2.4.3 Differences Between Culpable and Nonculpable Drivers

Culpable and ndnéulpéble drivers were compared on the basis of driver age, driving
experience, vehicle familiarity, annual mileage, road area familiarity, age-adjusted driving
experience, age-adjusted vehicle familiarity and age-adjusted annual mileage. Median tests
and Kolmogorov-Smirnov (K-S) tests were run for each comparison. Note: The K-S Z statistic
was computed on raw ungrouped data Results for females are prebented in Table 2:25 and for
~ malesin Table 2-27. - '

- “Females

The best predictor of culpability for wor_hen is road area fa'miliarity.-Table 2-29 shows the
distribution of road area familiarity for culpable and nonculpable drivers. A K-S Z of 3.07 (p
<.000) indicates the two distributions are significantly different.
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Figure 2-4

Average Road Area Famlilarity' by Age and Sex for Accident-
Involved Drivers

407
. 304 o\ ‘
+\X:t 7‘
Average o . ‘
';“d 2.0 Two-Way Analysis of Varlance Table for Road Area
rea Famillarity
Familiarity
Source of ‘
Variation ‘Sum of Squares DF F Significance
Sex 154 1 1.538 p=.9%9
Age ‘ - 48,136 (] 1758 = p=.103
| Sex by Age 55.850 6 ' 2040 p = .057
10d Residual - 13,953.068 3058
Total 14,057.979 3071
Source: Phases Il, Ili, IV and V on-site atcldent-involved drivers.
under 20-24 25-34 35-44 45-54 55-64 .85
20 _ ' and

Driver Age : Over -

+

+ men (n=2024)
Q ~——-0 women’  (n = 1048)

! Higher Average Scores Indicate Less Road Area Famillnrlty
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Table 2-25

Comparlson of Female, Culpable and Nonculpable Accideni—lnvolved Driver
Dustnbutlons Before and After Adjustment ﬂ‘or Driver Age

: Before Age Adjustments ,  After Age Adjustments
Not -~ ' ‘ o Not ' -

) S Culpable  Culpable+ Median  K-S° Culpable-.-Culpable . -Median K-S
DriverKCha_racte,ristic Median - Median Test - “Test Median _-Median - Test - Test
- L , . =620 =154 -

Driver Age . 275 257 n=1037 . n=1126

i - - ' p=.0128  p=.0173 o
: o ' X'=526. Z=168 | : x'=6.88  Z=182|
Driving Experience 1143 - 925 n=1037 . n=1037 ~ |160.2 © 1491 n=1034 = n=1034

(months) = - o p=.0218  p=.0072 . , ' . p=.0087  p=.0026

' X=95 =11 X =02 Z=.79
Vehicle Familiarity 18.1 - 145 n=1031 n=1031 188 - 182 n=1028 - n=1028
- (months) ) S p=.3287 p=7009 o p=.8818  p=.5596

L , S @=2100 2=95 I =00 . 2-85
Annual Mileage in 98.7 98.3 n=840 -  n=840 . '959 959 n=837 n=837
] 100’s -of Miles S : S, p=1470  p=3302 - : p=.9513 . p=.4609
S , C O X=3852 =307 o '
Road Area- : 1.38 - 2.24 n=1047  n=1047
'»Familiarity‘: ‘pS..OOOO P=.0000

T,

* Larger medlan indicates less road area tamlllanty

Kolmogorov -Smirnov 2 sample: test

~ + At the certain or probable, ‘causal or severily-i'ncreasing levels of certainty and significance.



.'rable 2-26

‘Relative Importance of Varlable Classes in Dlscrlmmating Between
Culpable and Nonculpable Female Accldent-lnvolved Drivers

: AgefAdjusted‘ Driving
Road Area .. " .Experience

Familiarity ‘ " in Months = : Age
Class . Rank Class . -Rank - Class Rank
Driven Daily *  Undersd 7M Under 20 7-
Twicea - - Toe T 54113 M. - 2024 I S
Week ‘ S
114-137 M - 25-34 aMm -
Once Weekly - 13181 8 344 2
Twice Monthly. 6- . 162185 2 45-54 5
- Once Monthly 4 - 7 186211 - 1t 55-64 3
very w5 21223 6M. . 65 and over ~ 1*
Infrequently - » o . S
First Time on Roadway 7- 234-473  5M

. , Describﬁve of nonculpabls female drivers
- Descriptive of culpable female drivers
M Little discriminatory power

Table 2-29 indicates women who drive the road at least twice a week are less often culpa- |
ble in accidents than thosc who drive the road less often. In addition to testing for distribu-
. tion differences, the median test was run to check for differences in central tendency. The
~médians for nonculpable.and culpable women are 1.38 and 2.24, respectively (the smaller

mediaris indicates.more. road area familiarity). Culpable women are shown to he ugmhumlly
(p <= .0000), less:familiar with the road area at the accident scene.
T'he second "most powerful ‘predicton of female culpability 1s age adJu"ted drnvmg
_experience . (K-S - £=1.82, p=.0026). The distribution of age-adjusted driving experience is
presented in Table 2-34 culpable women are shown to have less driving experience than
-would be expected for their age. The median test (p=.0087) confirms this finding. After adjust-
ment for age the median dnvmg experience for nonculpable women is 160.2 months and the
median for culpable women is 149.1 months (see Table 2-25).
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‘Table 2-27 .

Comparlson of Male, Culpable and Nonculpable Accldent-lnvolved Drlver
Distrlbutions Before and After Ad]ustment for Dnver Age

. Before Age Adestments - i - After Age Adjustmentsfj"
Not - - o Not. ' T
- " Culpable  Culpable+ Median K-S°. Culpable Culpable+ Median - K-S
-Driver Characteristic ~ Median  Median ~ Test Test Median  Median Test Test
L R xX'=1427  Z=212 '
Driver Age : 257 234 n=2208 n=2208
. : . . p=.0002 p=.0002 . : ‘ .
S S X176 72222 - C X'=36 - 2-93
Driving Experience 109.5 826 . n=2010 n=2010 ~ -168.0 1679 n=2006 n=2006
- (months) . p=.00000 p=.0001 p=5495  p=.3524
R S X =1498  Z=228 - | S XA Z-159
Vehicle Familiarity 122 . 110 - n=1982 n=1982 144 127 - n=1979  n=1979
(months) . , - ‘ - p=.0001 . p=.0001 p=.0449  p=.0129
- o x5 2109 - =92 - Z7=90
Annual Mileage in -~ 132.0- . 1260 n=1873  n=1873 1339 - 141 n=1870 - n=1870
- 100's of Miles o © . p=86957.  p=.1850 __ .- p=.3386  p=.3942
oo T 3009 Z=270 | ‘ '
‘Road Area = - . . 14 - 202 n/=2013 - np=2013
- Familiarity' T C ; ,p:.oooo p<.0000

* Larger mednan lndlcates Iess road area lamnllarlty
o Kolmogorov -Smirnov 2- sample test.

+ At the certain or probable causal or severity Increaslng levels of certamty and sngniflcance



Table 2- 28

Relative Importance of Varlable Classesin Dlscnmlnatmg Between
Culpable and Nonculpable Male Accident- Involved Dnvers

. B f‘Age-Adjusted
~ Road Area ~ ' - . "Vehicle Familiarity

Familiarity . In Months | o Age
Class . Rank -  Class-  Rank - Class.  .Rank
Driven Daily ~ 1* .  Lessthand - 7- . Under 20 7
Twicea 2 . 36 CBM 2024 5M
Week A : T
Once Weekly 3. T2 M - - 2534 o3
_Twice Monthly - 5 REEY M 3544 o q*
“Once Monthly - B~ - . 2536 . 1t 4554 ..o
ey .. 4. 360 . 2* 5564 - 4M
Infrequently . C o o ‘ . o
First Time . 7- . Blandover - 4M. . 65 and over - 6-

-on Roadway

* Descriptive of 'nom:'ulpable male drivers
- Descriptive of culpablé male drivers
' 'M Little discriminatory power '

Driver age ranks as the third best predictor of female culpability (K-S Z=1. 54 p=.0173).
Age distributions of culpable and' nonculpable women are presented in Table 2-30. The most
) culpable age groups for women are 15-24 and 45-54. The median test (p= 0128) shows that

culpable women (med1an‘25 7 years) are younger lhan nonculpable women (medlan 27.5
" years). ; ‘ :
. 'Neither vehicle familiarity nor annual mileage are related to female culpablllty (see Tables
+ 2-32 and 2-35 for vehicle familiarity and Tables 2-33 and 2-36 for annual mllwgc)
< In addmon 1o the above analysis, road arca fanilianity, age-adjusted duvmg Capenicnee
and age were used ‘in- a dlscnmmam analysis to predict culpable and nonculpable group
membership. In this analysxs classes of road area familiarity, age-adjusted driving experience
“and: age were used as dummy variables to predict culpable and nonculpable group. membershlp
" — thus allowing each class of road area fammamy, age-adjusted driving expenence andageto
be rankcd by discriminatory power. Results of this analy51s are presented in Table 2:26:Classes
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|  Table 2-29

‘Cdmpariso'n ‘of Male and Female; Culpable and Nonculpable
Accident-involved Drivers by Road Area Familiarity

Maies B Females

Road Area , Non- : ~ " Non- :
Familiarity - Culpable Culpabler . - Culpable - Culpable’

_ o % n % n % n %
Driven Daily 453 534 499 429 245 566 253 . 412
‘TwiceaWeek - . 130 153 159 137 68 157 73 119
Once Weekly ) 68 80 100 86 38 88 66 107
Twice Monthly -~ - 28 33 45 39 11 25 28 - 46
_Once Monthly . 30 35 58 50 17 39 28 456
Very 105 124 200 172 44 102 120 195
- Infrequently . _ - .

FirstTime 3% 41 103 88 10 23 46 75
on Roadway o L . |
Total - . 849 1000 1164 1000° 433 1000 614  100.0
' ' o Kolmogorov-Smirnov Kolmogorov-Smirnov .

2=2.70, p=.0000_ ~Z=307, p=.0000
Source: Phases 11, .HI; IV and V on-site investigated accidents:

1 At:the certain or probable, causal or severity-increasing levels ofacerta_in,ty'and significance. -

" with high rank, e.g., 1, are ‘more descriptive of nonculpable drivers; classes with low rank are
more descriptive of culpable drivers. To further clarify, classes have been marked with stars (*),
minuses “-” or M’s. “Starred” classes are descriptive of nonculpable drivers and “minused”
classes are descriptive of culpable drivers. M’s mark classes with little discriminatory power.
Culpable accident-involved wormen are shown to have little road area familiarity, moderate
driving experience for their age and are 15-24 or 45-54 years old. Nonculpable accident-
involved women are familiar with the road area, have more than expected driving experience

~ for their age and are 35-44 or over-54 years old.
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" Table 2-30

Comparison of Male and ‘Female, Culpable and Nonculpable
Accndent-lnvolved Drivers by Age : s .

‘Males o Females

" Non- | Non- S
Age - . _Culpable - Culpable’ ‘Culpable Culpable’

n % N % n % n %
Under20 .- 157 173 318 245 60 130 127 191
2024 26 203 395 304 15 249 184 277
2534 194 214 252 194 121 %62 43 215
35-44 : 03 113 10 77 8 175 84 127
4554 ' 91 100 83 - 64 45 97 74 111
5564 . 55 . 61 64 49 2 48 28 4.2
65 and over 42 46 88 ' 68 18 39 24 36
. Total 908 -~ 1000 1300 1000 462 1000 664 . 1000
' | : Kolmogorov‘-Smirndv : ~ Kolmogorov-Smirnov

Z-2.12, p=.0002. Z=154, p=.0173 -

Source: Phases Il, IIl, IV and V on-site investigated accidents. |

! At the certain or probable, causal or severity-increasing levels of certajrily and-significance.

“In summary, female culpability in accidents is highly related to road area familiarity, age-
adjusted driving experience and age but not to either wvehicle familiarity or annual mileage.
Nonculpable women drivers are characterized as having high.road area familiarity, more
driving experience than would be expected for their age and:either being over 54 or 5w
years old. Culpable women drivers are characterized as having zero to moderate road area
+ familiarity, moderate drlvmg experience for their age and being under 25 or between the ages
o of 45 and 54.

Males '

Results for'males are presented in Table 2-27. The best predictor of culpabiiity for meﬁ is
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Table 2-31

Comparison of Male and F_em‘ale, Culvpable‘a.nd Nonculpable
“Accident-Involved Drivers by Driving Experience

, Méles 4 o Females
‘Months ~Non-~ o Non- , o
Driving Experience . Culpable Culpable? Culpable Culpable™
R R % on % o %
Under18 “~. 51 60 124 106 23 . 53 69 114
182 - 54 64 %8 84 . 2 60 42 10
41 55 . 65 91 78 29 67 45 75
253 - 86 78 91 - 78 R 14 42 170
54113 208 246 308 264 107 - 247 140 232
114233 -, 163, 193 190 163 101 233 133 220
2433 . 9% 19 73 63 69 159 69 114
3B/A-473 . 72 8566 57 25 58 3% 60
474593 . . . .45 53 63 54 16 37 18 30
594 and over - - . 38 45 62 53 5 127 10 17
Total 844 1000 1166 1000 433 1000 604  100.0
Kolmogorov-Smirov’ Kolmogorov-Smirnov o
.- 2=2.22, p=.0001 . Z=1.68, p=.0072
Source: Phaség I, 111, IV and V on-site. inveétigated accidenis.

'At tﬁe certain of b"rqbable, causal or severity’-in‘cr‘easing.‘levels of cenainty and _significanée;

‘road area famlhamy (K S 2=270, p < OOOO) Road area famlhanty dmnbutlons are
~prescnted in Table 2- 29. Accxdent-mvolved malés who drive the road at least twice a week.are
less culpable than those who drive the road. less frequently. The median. test (p. = *0000)
indicates culpable males have significantly less road area familiarity than nonculpable males.
The second best. predlctor of male culpability is vehicle famxllanty (K-S Z=2.28, p=.0001)..
‘After ad]ustment for age, results are still mgmficam (K-S Z=1.59, p= 0]29) This is important
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Table 2-32

Comparison of Male’ and Female Culpable and Nonculpable
Accident-Involved Drivers by Vehicle Faniiliarity ' ’

Males R ~Females

Vehicle | Non- N Non- o
Familiarity =~ . “ Culpable " Culpable® . "Culpable "Culpable’"

I N % n % n % n %
lessthan3 - 128 153 © .244 213 . 48 . 113 . 66 109
36 1287 153 26 197 . 58 . 136 - 99 163
712 . 186 223. 238 207 8 196 130 215
13-24 181 217 . 2204. 178 97 28 13 219
25-36 R B PR T 17) 89 55 129 . 8 132
37-60 . 72, 86 76 66 5 134 63 . 104
61 and over 47 56 5 50 . 27 - 64 35 - 58
Total ., °'835 1000 1147 1000 ° 425 ' 1000 ~ 606 " 100.0
| S " Kolmogorov-Smirnov Kolmogorov-Smirnov -

- Z=2.28, p=.0001 ‘ - Z=71,p=7009

Souréé: Phases .IL M, ly and vV on-site investiga}ed acciden_ts.

T At the certain or probable, causal or severity-increasing levels of certainty and significance.

because it indicates that, for men, vehicle familiarity independent of age is related'to culpability
in accidents. The distribution of age-adjusted vehicle familiarity for culpable and nonculpable
males is presented in Table 2-35. After adjustments for age, males with léss than 25 months
driving experience are more culpable; males who have 25 or more months driving experience
are less culpable.- The median test (p=.0489) shows that ' culpable males have less vehicle
familiarity independent of the effect of age than nonculpable males—l44 months for
nonculpable males and 12.7 months for culpable males. : !

- The next most predictive driver attribute for males is driving experience (K-S Z=2. 22
p=.0001). However, after the effects of age are removed,; this relatlonshlp disappears (K-S
Z=.98, p .3524). indicating the relationship between drlvmg experience and culpability can be

-99 .-



Table 2-33

Comparlson of Male and Female, Culpable and Nonculpable
Accldent-lnvolved Drwers by Annual Mlleage ‘ :

Males : - Females -

Annual Non- - - : o Non- ' -
Mileage - - Culpable Culpable? Culpable Culpabie
| n % n % 0 % n %

lessthan6000 - 65 . 8.1 133 124- .74 207 - 115 239

6,000t0 10,999 - 247 - 309. Kl 28.5 - 175 " 489 224 46.5

11,000 to 15,999 - 189 237 285 23.7 67- 187 87 180

16,000 to 20,999 131, 164 148 138 18 5.0 37 64

21,000 to 25,999 .. 6 58 84 78 - 11 31 11 2.3

26,000 to 30,999, .. ¥ - 68 39 3 7. 20 5 10
 31000andover . . 67 84 109 101 6 179 19

Total : o 799 1000 1074 100.0 © 358 100.0 482 100.0

' Kolmogorov-Smirmov ~ Kolmogorov-Smirnov
o Z2=1.09, p=.1850 : 2=.95, p=.3302
Source: Phases I, I, IV, ;nd V on-site investigated accidents.

T At the certain or pfobable| causal or severity-increasing levels of certainty and significance.

accounted for by the effects of driver age. This does not mean an “experience’ " effect is
nonexistent; it does mean that expenence and age effects for males on overall culpability
cannot be separated
Driver ‘age is the .next best predictor of male culpablhty (K-S Z=2.2, p=.0002). Age
distributions of culpable and nonculpable males are presented in Table. 2-30. Accident-
involved males 15-20 and over 64 are most culpable, while accident-involved males 35-64 are
least culpable. The median test (p .0002) shows that culpable drivers are younger than
nonculpable drivers. : ‘
No significant relatlonshlp exists between culpablllty and annual mileage before or after
"adjustments for driver age (see Tables 2-33 and 2-36).
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Table 2-34

Comparlson of Male and Female Culpable ‘and Nonculpable
Accldent-lnvolved Drivers by Age-Adjusted Drwmg Experience

,  Males S : - Females
Age Adjusted
Driving :
Experience ~ Non- : Non-
in. Months " Culpable Culpable® -~ Culpable -+ Culpable?
no- % n Y% n- % on % .
Under 18 8 0. 12 10 24 49 29 48
1829 2 2 0 0 3 7 4 7
30-41 8 10 5 4 '3 7 5 - .8
4253 2 2 4 3 4 9 6 - 10
54-113 23 27 28 24 29 67 41 68
114-137 | 56 6.7 81 - 70 66 153 92 153
138161 218 259 316 271 105 244 203 37
162-185 . 278 330 418 3H9- 90 209 100 166
ige2t 150 178 179 154 48 111 39 65
212233 52 62 64 55 25 58 31 51
23433 | 44 52 54 . 46 3 . 84 5 86
354473 o 11 3 3 1 2 A 2
Total . 842 - 1000 1164 1000 431 1000 603 1000
Kolmogorov-Smirhov oo Kolmogorov Smlrnov

7-93,p=3524 ' Z-1.82, p=.0026

Source: Phases II, lll, IV -and V on-site investigated acéidénts.

T At the certain or probable, causal or severity-increasing levels of certainty and significance:
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Table 2-35

Companson of Male and Female, Culpable and Nonculpable
Acmdent-lnvolved Drlvers by Age- Adjusted Vehicle Famlllarlty

A L Males Females

Age Adjusted ‘ T

Vehicle _ .

Familiarity ... - Non- . . Non- : .
in Months . .. Culpable ‘Culpable . Culpable .. Culgable®

: oo % o % n . % n. %
. Less.than 3 130 156 183 160 64 151 . 71 . 117
36 . 113 136 164 . 143 35 83 46 76
72 . 142 w1 W8 07 52 123 9 154
1324 .. .. 1% 236 279 .. 243 109 258 184 304
253. .. 13 148 1% 19 74 175 93 154
760 . . . 8 101 8 77 6 147 8 137
6landover . 44 53 . 58 .51 27 64 _ 35 58
~ Total | 832 1000 1147 1000 423 1000 . 605 . 100.0 -

T Kolmogorov-Smirnov . Kolmogorov-Smirnov
Z=159, p=.0129 . Z=.79,p=.5506
Source: Phases I, lli, IV, and V on-site investigated accidents. ‘

* At the certain or probable, causal or severity-increasing levels of certainty and significance.

ln addmon tothe above analysns road area famxllarlty, age-adjusted vehicle famlllanty and

“ age were used in a discriminant analysis to predlct culpable and nonculpable group

membershlp In this analysis, classes of road area famlllanty, age-adjusted vehicle familiarity

and _age were used as dummy vanables to predict culpable and nonculpablc group

membershlp Each class of road area famlhanty, age—adjusted vehicle famllnanty and age was

" ranked by dlscnmmatory power after takmg into accounl the effects of other vanable classes.

Results of this analysis are displayed in Table 2- 28 _Classes with hlgh rank ¢.g., 1, are more

descnptlve of nonculpable drivers; classes. with low rank are more descnpuvc of culpable
drlvers To further clanfy, classes have been marked w1th stars “* ’, mmuses =" and M’
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Table 2-36

' Comparlson of Male and Female, Culpable and Nonculpable
Accldent-lnvolved Drivers by Age-Adjusted Annual Mileage

‘ Males - - .~ Females
Age Adjusted
Annual Non- g Non- L
Mileage ~ Culpable ~ Culpable - ~Culpable Culpable®
‘ n % n %  n % on %
" Less than 6,000 9 17 121 113 69 194 17 243
6,000 to 10,999 © 209 - 263 215 256 174 489 192 399
11,000t0 15999 195 245 288 268 68 191 112 233
16,000 to 20,999 130 16.3 150 ° 140 = 20 56 ¥ 714
- 21,000t0 25999 63 ° 79 97 90 11 31 12 .25
26,000 to 30,999 39 4.9 37 34 8 22 4 . 8
31,000 and over 67 84 108 99 6 17 10 21
Total 79 1000 1074 1000, 35 1000 - 481 1000
| ' Kolmdgoro\)-smirnov ‘ “Kolmogorov-Smirnov
- 2=90, p=3%4 Z=.85, p=.4609
Source: Phases II, lll, IV, and V on-site investigated ac‘cidents_.‘

" At the certain or probable, causal or severity-increasing levels of certainty and significance.-

“Starred” classes are descriptive of nonculpable drivers and “minused” classes are descriptive

“of culpable drlvers M’s indicate classes with little dxscnmmatory power, Culpablc accident-

involved men are shown to have little road area familiarity, less than expected vehncle

. familiarity for their age and are young (15-20) or old (over 64). Nonculpable accident- mvolved

men are familiar with the road area, are more familiar w1th thelr VCthlCS than would be
‘expected for their age and are 35-54 years old.

In summary; male culpability is related to road area famlllanty, age- adJusted vehlcle

- familiarity and “age/experience” but not to annual. mileage. ‘Nonculpable men’ are

characterized as being more familiar with the road, having more famiiliarity with their vehicles
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than would be expected for their age and beihg,between the ages of 35-54. Culpable'men are
characterized as having little road area familiarity, having less familiarity with their vehicles
than would be expected for their age and being 'young (15-19) or older (over 64).
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3.0 Special Analyses: Human, Vehlcular, and Environmental Characteristics and
Accident Causation . : : :

In this section, results of separate analysis efforts employing cluster analytic and
Automatic Interaction Detector (AID) procedures, are presented. The overall objective of
these two efforts was to obtain a better understanding of who makes what type of errors, and
under what conditions.

3.1 Cluster Analysis

3.7 .-1 Introduction

In an effort to arrive at a taxonomy of human involvement in accidents, causation data for
traffic units (95% were drivers of passenger vehicles, the remaining 5% were bicyclists or
motorcyclists) from the phase IV and V sample of in-depth accidents were used as input to a
cluster analysis. The purpose of the analysis was to: 1) determine whether there were any
natural groupings of traffic units in terms of human causation; and 2) assess if these natural
groupings of drivers d1ffered with respect to driver knowledge, vision, and psychological
makeup.

When performing the cluster analysis, the drivers which were most similar on the basis of
causation variables were grouped together. As the clustering of variables continued, the
groupings became larger, and the number of groups decreased until only two groups remained.
It is always difficult to know exactly how many groups are sufficient to describe the data. As
the number of groupings decreases, the error of classification increases. The increase in error
and associated imprecision must be balanced against the parsimony of description provided by
fewer groups. ‘

Examination of the cluster analysis results for the in-depth data suggests that an optimal
number of groups is somewhat less than ten. Figure 3-1 describes the results of the cluster
analysis in terms of a dendrogram. At the base of the dendrogram, the clusters at the 10-cluster
stage are shown. Below each cluster is listed the size of the cluster at that stage. 1t should be
noted that the size of the clusters varies from 3 to 133,

As one moves up the dendrogram, the clusters collapse. The point at which two clusters join
into a single cluster is called a node. It should be noted that the nodes do not occir at equal
intervals along the vertical scale. This is because the vertical scale is an index of the relative
error at each stage of the clustering. Since precision decreases as fewer groups are formed, the
error index increases. The amount of increase when one goes from, say, 10 to 9 clusters is thus
an indication of the incremental error associated with that particular grouping—a small
increment is interpréted as a small increase in error (or small cost) when combining two
particular clusters. Inspection of Figure 3-1 shows that the error associated with 10 groups is
about 300 and that associated with two groups is about 800. Therefore, since the clustering
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started with 353 traffic units, the average increase in error per clustering when going from 353 -~
to 10 groups is approximately .87 (300/ 343). On the other hand, the averageincrease perstepin -
going frbm 10 to 2 groups is over 60 (500/8). Finally, because there wasa very smallincrement
in error associated with the move from 10 to 9 clusters, and because’a very small cluster was lost

- when going from 9 to 8 clusters, the pnmary cluster descnpuon will begin at the elghl-cluster

. stage.

- 3.1.2 Cluster Structure at 8 Groups.

The 'nitial description (and labcling) of the clusters will be on the basis of the causal
hie,rarchy'whiéh was used to describe and record the involvement of human factors. The eight
clusters vary in sizé from 3 to 133. The primary variables in the hierarchy which serve to define
each cluster are listed in Table 3-1. The first cluster, A, (and the largest, n=133), consists of
~ drivers for which no causal factors could be found at the probable level of confidence. (Note:

When no causal factor was present, the factor was causal or severity-increasing in less than
" 10% of the cases in the cluster. On the other hand, a factor is said to be present when it was
judged as causal or severity-increasing in 25% or more of the cases in the cluster.):
The second largest cluster (B) consisted of 72 drivers in which Decision errors were present
89% of the time. Also present, but at a much lower rate (35%), are Environmental factors.
Associated with this cluster is Cluster G, which has only 14 drivers, but for which Decision
errors, false-assumption in particula, are presentin all cases. A secondary characteristic of this
smallcluster is the presence of hlghway-rclated Environmentalerrors in 9 of the 14 cases (64%).
The third largest cluster (C) is a Recognition Cluster. In this cluster, Recogmtlon errors
(Delays in particular) were judged to be causal or severity-increasing for 100% of the derel'S
Improper Lookout was a factorin 42%, and Internal Distraction was a factor in 25%. It should
be noted that this cluster does not contain all of the Recognmon errors in the total sample,
_rather, it contains those errors which were judged most similar at this particular stage of the
clustering. Recognmon errors, when coupled consistently with other factors, may be’ and are
© present in other clusters. :

‘The next cluster, Cluster E, is a falrly large cluster of 43 cases in which Envnronmental
factors were cited as causal or severity-increasing in lOO% of the cases. Of these, 74% were
- hlghway related, and 339% were ambience-related. A secondary characteristic of this cluster

was Recognition errors, which were present in 30% of the cases. ‘

. Ineach of the final three clusters (Clusters D, F, and H) Human Conditions and States were

. indicated as causal or severity-increasing in 1009% of the cases. In Cluster D, consisting of 12
“cases, Physical Conditions were cited in all cases, and Alcohol in 42%." Secondary
characteristics of this cluster were the presence of Decision and Recognition errors. In Cluster
F, Experience-Exposure was cited as a factor in all 12 cases. Secondary characteristics were
either Decision errors (primarily excessive speed) and Performance errors or Environmental
factors. The smallest cluster (H) consisted of three cases in which Mental-Emotional States
. were cited and were coupled with Decision errors. As noted in the table; there were secondary
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DeScrlbtlon of 8 Clusters in Terms of Causal 'Hlerarchy',

CLUSTER A (n = 133)
Not at Fault‘ ‘
CLUSTER B (n =72)
Decision - 89
" Environmental - - .35

CLUSTER E (n =43)

Environmental -1.00 -
Highway Related = .74

- Ambience Related = .33

Recognition errors . .30

CLUSTERF (n=7), -
Conditions or,

“States 100

. Experience- -
Exposure - 1.00
Decision - Y ¢
' Excessive Speed = - .43 -
Performance Errors 43 .
Environmental 029
29

Non-Slick -

CLUSTER C (n = 69) -

Recognition -
" Delays-*

" . .. improper-Lookout
- lnternal_Distractio_n‘

'CLUSTER G (n = 14)

Decision

" False Assumption
Environmental . .

Highway Related

LCLUSTERD (n=12) ~
~ Conditions or States -

Physical
.. Alcohol
Décision ,
Recognition
- Delays

‘Conditions or States
. 'Mental-Emotional
Decision

- Improper Driving '

Technique

" " Excessive Speed

~ Environmental Factors’
Slick -

- Non-Slick
. Highway Related

"~ ..Ambience Related .

Table 3-1

- CLUSTERH(n=3) «

888
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charactenstlcs for this cluster; however, s mee the number of cases s so small, no firm mference
may be drawn. ‘ '

The Dendrogram Structure e

It is often instructive to study the tree structure on which the clusters are based since it
indicates the degree to which different clusters are linked with each other. This i is especially
importanl since the decision to describe the data in terms of a given number of different clusters
- is (as:noted above) somewhat arbitrary. :

‘As the eight clusters are reduced to seven, Clusters F and Hare combmed The result isa
Human Conditions and States Cluster comprised of drivers in which Experience-Exposure or
Mental-Emotional aspects are present. At the nextiteration, the two Decision error clusters (B
and G) are combined. At the fivecluster stage, the Human Conditionsand States (Clusters D,
F, and H) have been combined into a single cluster (D) consisting of 22 cases.

To reach the four-cluster 'stage, the Decision and Environmental Clusters (B and E) are
combined into a single cluster. At this stage the other clusters are 2 Human Conditions and

‘ States Cluster, a Recogmtron Error Cluster, and a Not-at-Fault (no error) Cluster.

At the next stage, the Decision Cluster and Conditions and States Cluster are combined.
Finally, the Recognition Error Cluster is combmed into the by now quite large cluster of At-
Fault Drivers. : :

.One implication to be drawn from the cluster analysxs at this point is that Decision errors-
and Environmental factors are closely linked since the associated clusters were combined very
early To a lesser extent, Human Conditions and States and Decision Errors are linked. A
more or less unitary concept.is the Recognition error. Evidence for this is that this cluster
remams intact and isolated from the other at-fault clusters until the last iteration.

It should be noted that the clustering, at the fourluster stage, into Not-at- Fault
Recogmuon, Conditions and States, and Decision and Environmental factors is at least
partially due to the human accident-causation mode! used in this study. The model views the

. driver as a real-time information processor in which information is first recognized, then.
evaluated (decision), and finally acted upon (response). In.determining human direct causes,
the search was typically for the first critical error. Thus, if a driver misperceived the situation,

_he would have been cited for a Recognition error but not a Decision error, whereas if a driver
perceived the situation correctly but then made an inappropriate decision, he would be cited
for a Decision, but not a Recognition, error. Thus, to the extent that only one of the two
processes was a critical.cause, the other would not be cited. The observed association between
Decrsron errors and Environmental factors, however, and the independence of Conditions and .
States from the Direct Human errors cannot be attnbuted to the human factors mode!, but is
rather a direct outcome of the cluster analysis.

3.1.3 The Dimensional Structure of the Eight Clusters

When there are eight distinguishable clusters, they may be eompletely represemed by seveﬁ
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dimensions. As a part of the discriminant analysis, the dimensional structure of the clusters can
be described. The successive dimensions account for successively less of the data, so that the
first dimension is most importunt, and the seventh dimension is least impoitant (in the
statistical sense). 1t is possible to locate each cluster on each dimension and, as a result, to give
the dimension substantive interpretation. A plot of each cluster across dimensions is
represented in Figure 3-2. The following discussion will describe each d1mens1on in order of its,
(statistical) salience. ~ '

Dimension 1. The first dimension appears to be a bipolar dimension with the Not-at-Fault -
Cluster (A) at one extreme and the Decision Clusters B, H, G, and F bunched together at the
‘other extreme with D, also a Decision Cluster, located nearby. Although ClustersH, G, and F

" are Human Conditions and States Clusters, they do have Decision errors as secondary
characteristics, as may be seen in Table 3-1. At the center of the dimension, Cluster E, the
“Environmental Cluster, is located toward the Not-at-Fault Cluster and the Recogmtlon
Cluster (C), located toward the Decision errors. Thus, this dimension appears to be a Not-at-
_ Fauit vs. Decision errors dimension.
Dlmenslon 2. This is a Recognition vs. other error type dimension. All of the other clusters
“with the exception of Cluster D (the Physical Conditions and States Cluster) are grouped very
close together at the other end of the distribution. ‘

Dimension 3. This dimension is an Environmental factor vs. other error dlmensmn Whlle

* the other clusters are rather spread out, the Environmental Cluster is clearly isolated from the
“others. :

Dimensjon 4. This dimension has all clusters grouped close together with the exceptlon of

" Cluster D, which is a Human Conditions and States Cluster comprised of drivers for whom

- Physical Conditions were cited as causal.

Dimension 5. This dimension is a sécondary Decision dimension. Whlle Dlmensmn 1
grouped all Decision clusters together, this cluster has Cluster G, a Decision and
Environmental factor cluster, isolated at one extreme. o

Dimension 6. Like Dimension 4, this dimension may be described as a Human Conditions
and States dimension, This dimension, however, contrasts the Mental Condmon Cluster
against all other clusters. e

Dimension 7. This dimension is also a Human Conditions and States dimension since at
one extreme is located Cluster F, which is theExperience-Exposure Cluster. Midway between
it and all of the other clusters is Cluster H, the Mental Conditions Cluster.

In summary, then, the seven dimensions may be characterized as a Not-at-Fault vs.

" Decision error dimension (1); a Recognition dimension (2); an Environmental dimension (3);a
secondary DCCISIOII error dimension (5); and three Human Condmons and States dimensions
(4, 6, and 7). .

The Precision of the Clusters

Since the ciusters were generated by means of clustering drivers on the basis of the causal
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hierarchy, and since it is not clear exactly how precise the clusteringisat the eight-group stage,
a discriminant analysis was performed on the eight groups using the 29 causal hierarchy
variables. [In addition, 29 additional variables were used—the Driver Knowledge Test (DKT),
the Driver Vision Test (DVT), and the Profile Scores (PS). The results of this analysis
indicated that these 8 clusters can be distinguished on the basis of the variables used. It should
be noted that the inclusion of 29 additional variables which were not used in the categorization
actually may increase the errors of classification. In this analysis, however, the 8 clusters can be
classified and reconstructed with very small error.] If the results of the discriminant analysis
are summarized in terms of the accuracy of classification, we find that 95.8% of the cases are
classified correctly. The results of this classification are summarized in Table 3-2. The patterns
of misclassification should be noted. Of the 15-misclassifications, I | are misclassifications into
Clusters B and G, which are Decision Error Clusters, and 8 of those 11 are from clusters in
which Decision errors are a factor. There are very few misclassifications into or out of Cluster
C, which suggests the strength and cohesiveness of the Recognition factor. In addition, there
were no misclassifications into the Human Conditions and States Clusters (D, F, and H). Also,
there were no misclassifications into the Not-at-Fault Cluster. ‘

3.14 Smbilitjw of the Cluster Structure Model—Comparison with On-Site Cluster Analysis

Before further ana]yses based on the eight-cluster structure can be judged as viable, it was
decided to conduct a similar analysis on the on-site data base. The extent to which the on-site
clusters would then correspond to the in-depth clusters would be an indication of the
reproducibility of the results, i.e., a measure of the reliability of the clinical evaluation
method.

Because of the large number of units involved in the on-site data file, and because of the
expense of doing cluster analysis by computer, the procedure adopted was that of analyzing
(by means of cluster analysis) random samples of 200 traffic units from the on-site data file.
While such a random sampling procedure results in multiple descriptions, it is economical and
has the advantage of providing a further indication of how stable the accident clusters are. That ’
is, if the cluster descriptions are relatively consistent across samples, then it is reasonable to
.conclude that the resultant clusters indeed describe viable grouping of accidents.

Cluster analyses were performed on.14 random samples selected from the on-site file. A
general dendrogrém describing-the structure found across all cluster runs is summarized in
Figure 3-3. This result is similar to that for the in-depth cluster analysis and the more detailed
analysis done in - Interim Report II. Perhaps due to the smaller sample size, no consistent
‘pattern emerged at cluster levels greater than five. Note that at the five-cluster level, the
correspondence between the clusters in Figure 3-1 and Figure 3-3 is very good. Thus, for both
in-depth and on-site data, the main groupings of cases are based on the categories Not-at-
Fault, Conditions and States, Recognition, Environmental, and Decision, with the split
between Decision errors and Environmental factors being the last.
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‘Table 3-2

Summary of Classifacatlon Errors for 8 Ciusters Using 58 Yariables
(Causal Hierarchy, Driver Knowledge Test, Drlver Vision Test and
Profile Scores) ,

Predicted Cluster Membership’

Actual Cluster

Membership N A B C D E F G H
A 133 131 0 1 0 .- 0 0 1 0
B 72 0 70 0 0 1 0 1 0
C 69 0 0 67 0 0 .0 "2 i
D - ? -0 -2 1 8 0 0 1 0
E 43 0 0 1 0 42 0 . 0 0
F 7 0 1 0 0 0 6 0 0
G 14 0 2: 0. 0 0 0 12 0
H 3 0 1 0 0 0 0 0 2

(95.8% of cases classified correctly) ’

3.1.5 The Distribution of Other Variables on the Clusters

.At the eight-cluster stage, the scores on the driver knowledge test, driver vision test, and
profile scores were computed for each cluster. The mean score on each of these variables within
the eight clusters is summarized in Table 3-3. Also included in Table 3-3 is the grand mean on
each variable for the 353 drivers. In order to see how well these variables characterize
- differences between the groups, a multivariate analys:s of ‘variance (MANOVA) was
performed on‘the 29 dependent variables listed in Table 3-3. There were large and significant
differences (p < .001) among the clusters of these variables. It should be noted thal none of
these variables was used. in the formation of the ciusters.

The results of the multivariate analysis are summarized in Table 3-4, which also contains
the 29 variable names. Univariate ANOVA tests indicate that there are dlffcrences at beyond
the .05 level for 14 of the 29 variables. . :

Inspection of Table 3-4 shows that there are overall differences among the clustt‘:rs‘for the
Driver Vision Test and the profile scores of Impulse Control, Alcohol-Drug Usage, and Prior
Record. While there are large sex differences among the clusters, no significant age differences
were found. For the Driver Vision Test, the results are complex: significant differences were
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Table 3-3 .

- Means Wlﬁhm Cluster Groupmgs on Driver Knowledge Tesi Driver -

Vasnon Tesﬁ and Profile Scores

o

‘ Total

29.9

Cluster A »B. ©C .. -D f S -
: Number-- 133 72 69 12 T 43 7 14 - 3 353
© . Variable -~ . . . . 1 D N P o
o120 10.2 943 9.60 9.00 7.83 985 . 967 9.43
2 S 876 . 872 C 877 - - 900 893 900 E 878 - - 900 - 879
S T T - 876 - 884' .90.0 - 89.6 858 88.9 90.0. 88.2
4 - T 763 . 137 763 763 66.7 833 70.0 761
- 746 76.0 743 . 0 813 752 76.7 -80.0 © 700 '75.3
"6 336 B2 334 339 - 339 333 333 - 350 335
7 30 %7 W5 328 . 328 3.7 328 325 . 330
‘8. - 226 . 213 216 . 206 - 218 25.0 200 2257 219
-9 80.1 8.7 841 917 - 96 86.7 85.6 775 84,5
10 - 807 . 973 663 - - . 66.1 67.7 60.0 55.7 70.0 - - 620
AN 38.2 394 431 7 - 331 - 462 . 450 314 30.0 40.0
12 984 7.50 103 933" 8.50 6.67 9.78 34.0 941
13 416 378 - . 380. .. 533 5.4 2.00 3.78 17.0 421
- 14 09 - [ 994 ~ ° 990 0900 104 533 -1 120 10.1
15 266 . - 206. - 257 - 311 25 133 218 180 243
16 423 - 291 18.0 273 T 222 18.7 . 175 7.00 - -30.2°
17 23.1 10.8 150 - " 143 28.1 34.0 5.75 . 9.00 18.7-.
18- "31.6 k3 - 325 ° 342 3.8 29.0 36.3 335 322
19 43.6 47.1. 458 46.7 . 481 533 . 50.0 50.0 459 -
20 . 47.3 457 478. - 487 47.0 52.7 444 *50.0 471
21 56.0 564, .~ 585- ° .583 549 64.7 50.2 535 - 565
22-. .1.61 154 . 0 184 - 1N 1.68 1.43 150 - 1.33 1.65
23 240 .. 248 2.79: © 364 . :2.54 3.17 ‘245 -333 258
24 Y 4 B 80 - 89 - 1.00 . .16 .86 1.00 1.00 .80
25 2.54 220 _ 22717 2.78 222 216 209 167 . 235 -
26 J0 - - 105 .68 2.00 .80 .0 14 - 33 .18
27 304 | 384 274 . 340 C 24 2.29 357 1.50 3.07
28 - .50 .25 A1 .08 .35 43 29 67 39
29 30.3 ' 28. 9 294 296 237 234 29.7 293



found for 10 of the 20 DVT variables used in the analysis. Differences were found in Field of
Vision variables and the Peripheral Movement In-Depth Thresholds. Finally, large differences
were found in both simple and complex reaction time. ,

The results summarized in Table 3-4 indicate the- vanables for which. thcre are differences
between the clusters, but fail to specify which clusters dlffer In an effort to specify differences
among the clusters more precisely, ordered planned comparison analyses were performed:
" These tests examined differences between At-Fault and Not-at-Fault drivers (Comparison D,
"and among the At-Fault Clusters. These comparisons were (11) Human Conditions and States

versus Other At-Fault (Clusters B+C+E+G vs. Clusters D+F+H); (I1I) for the Human
Conditions and States Clusters, Physical vs. Mental and Experience/ Exposure (Cluster D vs.
-F+H); (IV) Mental vs. Expenence/Exposure (Clusters F vs.. H); (V) Decision Clusters
~ (B+E+G) vs. the Recognition Cluster (C); (VI) comparison of the two Decision Error Clusters
(B+G) against the Environmental Factor Cluster (E); and finally, (VII) comparlson of the two
Decision Error Clusters (B vs. G). The results ofthcse compansons are summarized in Tablc 3
. 5. Each comparison wxll be dlscussed m turn. ‘ ‘

1. Comparison of At-Fault vs. Not-at-Fault Clusters

In the comparison of the clusters of Not-at-Fault drivers (Cluster A) withall other drivers, |

‘the seven At-Fault Clusters were pooled
The multivariate analysis of variance resulted in large differences between the two groups.
The multivariate F was 3.846 with 29 and 317 degrees of freedom (P < .001). The univariate F
tests on each of the 29 dependent variables are summarized in Table 3-5. There were significant
differences found between these two groups on 9 of the 29 variables. There was no significant
difference between At-Fault and Not-at-Fault drivers on the Driver Knowledge Test. For the
Driver Vision Test. there were differences in Static Acuity among the two groups. For acuity,
“the Not-at-Fault drivers scored poorer (higher) on the no-glare/normal condition and
‘considerably better on the no-giare/low level condition. In addition, there were large
differences in Peripheral Movement In-Depth Threshold, and Dynamic Visual Acuity. The
Peripheral- Movement In-Depth Threshold scores were significantly poorer (higher) for the
 Not-at-Fault drivers. The size of this difference is 29 arc minutes /second for variablé 16 and 7
arc minutes/second for variable 17 (see Table 3-3 for means). This result is counter-intuitive
since 1t indicates that the Not-at-Fault drivers had poorer peripheral movement detection
- ability than the At-Fault Drivers. On the other hand, the Dynamic Visual Acuity Scores are
* significantly better for the Not-at-Fault drivers (20/44 vs.-20/48). There was no difference
found between the two classes of drivers in terms of either simple or complex reaction time.
For the Profile Scores, there were no differences between the At-Fault and Not-at-Fault
., drivers in socio-economic status, personal adjustment, alcohol-drug usage, and prior record.
" Differences were sxgmﬂcam for social adjustment and impulse control where the Not-at-Fault
drivers scored better (i.e., lower) on social adjustment and poorer (i.¢., higher) on impulse
control. While the Not-at-Fault drivers were on the average 1.5 years older than the At-Fault
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Table 3-4

- Summary Results of AhélySIs of'V‘arIance on 29 Variables From
Driver Knowledge Test, Driver Vision Test and Proﬂle Scores for
the 8 Clusters . _ |

Variablle S | S - Fovalue " P less than

1 "~ Driver Knowledge Test Score ‘ 2.007 054 -
Driver Vision Test
-2 DVT-Field of Vision-Right - : . 2043 049"
3 - DVT-Field of Vision-Left . o 2513 2016*
4 DVT-Detect Acqu+interpret S0'Angle-Left ‘ 3.376 002**
) DVT-Detect Acqu+interpret 90 Angle-Right ‘ 1.506 164
[ DVT-Detect Acju+Interpret 30 Angle-Left ‘ 487 844
T DVT-Detect Acqu+interpret 30 Angle-Right ‘ ‘ .825 .567
8 DVT-Static Acuity-No Glare-Normal - . 2105 .042*
9. DVT-Static Acuity-No Glare-Low Level o 1478 a7
- 10 DVT-Static Acuity-Veiling Glare - : 1.569 43
11 DVT-Static Acuity-Spot Glare ‘ 1,707 106
12 DVT-Central Angular Movement-Threshold ' 3.861 .001***
13 DVT-Central Movement In-depth Threshold S ‘ 4.823 001
14 DVT-Central Movement In-depth Threshold L ‘ .688 .700
15 DVT-Peripheral Angutar Memnt-Threshald ' .686 .684
.16 DVT-Peripheral Memnt In-depth-Threshold S 5499 - - 001*
.n DVT-Peripheral Memnt In-depth-Threshold L , 4666 - 001"
18 DVT-Peripheral Movement—Tone 4 2704 . 010**
19 DVT-Dynamic Visual Acuity 120 Angle ) 1.520 159
20 ‘Average Simple Reaction Time Coam . .p46*
21 Average Complex Reaction Time . . 3.593 001
Profile Scores .
2 Soclo-Economic Status , - 69 673
28 Personal Adjustment . : 1298 .250
< I Social Adjustment : R 7] A7
25 " Impulse Control 1.815 .083
- 26 Alcohol-Drug Usage o 1.960 .060
27 . Prior Record : ' 2134 .040"
28 Sex : 3.182 003"
b ‘ Age , : < 1) .563

NOTE: All entries are Unlvanate F tests with 7 and 345 Degrees of Freedom The overall Multnvanale
F is 2 421 with 203 and 2175 Degrees of Freedom (p <.001).
. PSOS '
< N
(111 p< w1
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v',_.VariatrJIe

Overall Si"g';'ni’fi_c:arnce:

Driver Knowledge Test Score

Driver Vision Test
~ DVT-Field of Vision-Right

DVT-Field of Vision-Left

" DVT-Detect Acqu+Interpret 90 Angle- Lell

DVT-Detect Acqu+Interpret 90 Angle-Right
DVT-Detect Acqu+interpret 35 Angle-Left
DVT-Detect Acqu+interpret 35 Angle-Right
DVT-Detect Acuity-No Glare-Normal

~ DVT-Static Acuity-No Glare-Low Level,‘.

DVT-Static Acuity-Veiling Glare
DVT-Static Acuity-Spot Glare
DVT-Central Angular Movement—Threshold

DVT-Central Movement In-depth Threshold §

DVT-Central Movement In-depth Threshold L

. DVT-Peripheral Angular Memnt-Threshold

DVT-Peripheral Memnt In-depth-Threshold S

- DVT-Peripheral Memnt In-depth-Threshold L -

DVT-Peripheral Movement—Tone
DVT-Dynamic Visual Acuity 120 Angle
Average Simple Reaction Time
Average Complex Reaction Time'

Profile Scores
Socio-Economic Status

_ Personal Adjustment

Social Adjustment
Impulse Control
Alcohol-Drug Usage
Prior Record

Sex

Age

001

-4
2
A
12
It
T
85
02*
01
.39
.20
.50
.87
23
23
) '0011..
- 005
.06
014"
62
43

.61
a3
.05*
007
46
83
.001 atd
25

. .001

.26

.02*
8
.09
21
A7
30 -
a7
84
b7
26
15
06 .
45
90
87
40
9
44
01
.06

98
03
42
34
35

60
.68

07

.006**

.52

- 99
S5
)

.36

T .59

.89
.75

63

Table 3-5

Comparison
.001 .003
v v
25 .35
62
9% -
60 01
.20
.36 .98
66 - .05°
.67
60 .24
.08
28 .46
001*** 10
0014 - 52 -
.30 92.
T80 .29
11
1 -.78
A7 - B4
70 .30
53 .05*
.04* .005%¢
10
-89 25
.36
A7 .58
76 .42
.09
45 .08
A48 67

Results of Comparlsons of Clusters and Cluster Grouplngs (Table
.entries are significance probabilities)

.001

VI

. :.. 01"-

01
.004*
51
43
A7
91
37
20
01
03
o
M

A3
.39 .
S0t
A9
.80
18
.74

85
ST

74
.002*¢
26



drivers (30.3 years vs. 28.8 years), the difference was not significant. There wasa significant sex
difference between the Not-at-Fault drivers and the At-Fault drivers (50% males vs. 68%
males, respectively). These age and sex differences eould account for vision and profile score

differences noted above. -

“ I Human Conditions: and Sraies Clueter versus A/l Human Direct Errors CIus't‘ers

There is a significant difference between these two cluster groups (multivariate F =2.212, -
- with 29 and 317 degrees of freedom, p <.001. These differences are largely confined to some of "

the Driver Vision Tests, but primarily simple reaction time (p < 01), which was slightly longer -

for the drivers classified as impaired (Cluster D). There is a difference on the Personal
Adjustment Profile Score (p'<..03), the drivers in the Human Conditions and States Clusters
having hlgher scores on personal adjustment, mdrcatmg poorer personal adjustmem ‘

111 Human Condmons and States Clusters: Phys:cal versus Menzal/ Enwronmental
and Experzence/ Exposure

In thrs companson within the Human Conditions and States Clusters there are hxghly
* significant differences (p- <:007) on the Driver Vision Test (see Table 3-5), but not on the
Driver Knowledge Test: Drivers classifiéd as physically impaired had better static acuity, and
were apparently better at time-sharing different tasks (based on Variable 18—tone count) than
those classified into the Mental and Experience-related Conditions and States. On the Prbfilc
. Scores, there are significant differences on impuise control, and alcohol-drug usage;. .the
members of the Physical Condition Cluster having poorer impulse controland greater alcohol-
drug usage. Some of these- effects may be due to confoundmg with sex since there are
srgmﬁcantly more males in Cluster D. ‘

3

. Human Conditions and States Clusters; Mental (F) versus Experience/ Expoeure (H)

- Although there are srgmfrcam différences between these two clusters, the small sample sizes
.tend to render the differences not meamngful The dlfferences found were on the Drrver Vrsron
- Test and complex reactlon tlme

v

W Decision versus Recagmnon Clusters

In the comparison of the Decision Clusters (B E G) with the Recognition Cluster (C), an
overall significant difference was found (p <.003). These differences were found on five Driver ,
Vision Test items, and in particular, both reaction time measures. Both simple and chmce

- reaction times were slightly longer for the drivers in the Recognition Cluster. These drivers also
. had poorer acuity in the presence of veiling glare. There were no differences on the Profile
Scores although there is a slight difference in.prior record, with those drivers making Decision
errors having a slightly pooier record In addmon there are srgmﬁcantly more females in the
‘Recognition Cluster.-
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VI. Decision Cluster versus Environmental Error Clusters

There is o large difference between these two cluster types (p - .001). Therc s wwignilicant
Driver Knowledge Test difference, with the scores of those driversin the Environmental Error
Cluster scoring significantly lower on the test than those in the Decision Clusters. There were
five differences on the Driver Vision Test (see Table 3-5). Drivers classified into the Decision
Cluster had a slightly narrower visual field, had worse peripheral movement detection ability
(PMD-L: 28 minutes of arc/second vs. 9 minutes of arc/second), but had better acuity under
veiling glare (20/57 vs. 20/68). There were no sex and age differences, although there was a
significant difference between the plusters in terms of prior record, the Environmental Error
group having a significantly “better” prior record.

VII. Within Decision Clusters Comparisons, Cluster B versus Cluster G

There is a slight, but significant, difference between these two clusters. These differences are
‘ largely confined to the Driver Vision Test and complex reaction time. There was a differerice in
terms of the Profile Score on alcohol-drug usage, the smaller cluster (G) evincing virtually no
alcohol-drug usage compared with a fairly high rate for the drivers within the other cluster (B),
i 2 drivers making Decmon errors other than False Assumptwn

3.14. 6 Summary

The results of the cluster analysis of the causal hierarchy indicate that the hlerarchy is
consistent, in that there are clear groupings or clusters of traffic units. These “natural”
groupings are on the basis of Decision errors, Recognition errors, Environmental factors,
Human Conditions and States, and no errors. This pattern is consistent with the causal factor
hierarchy and suggests that the accident investigators were in fact able to use it properly. The
groupings also appear to be highly stable since they were obtained for both the in-depth data as
well as random-sample analyses of on-site data. ‘

The grouping of drivers into the above clusters also appears to be meamngful in terms of
other driver attributes (vision, knowledge, personality, and reaction time) which were not used
in the process of derwmg the clusters. These results indicate that the causal hierarchy is a useful
system for a taxonomy of accident-involved drivers. In particular, analyses of the accident-
involved driver vision (Section 2.1) and personality (Section 2.3) results also support. the
usefulness of the hierarchy’s classification code.

3.2 AID Analysis

3. 2 1 Introducuon

In the development of hypotheses rclated to the design of models of the dnver role in traffic
accidents it is advantageous to know the characteristics of drivers who are most likely to
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commit errors of any kind, the errors they are most likely to commit, and the characteristics of
drivers most likely to commit each type of error. It might be of ‘interest, for example, to know
the particular characteristics of people who were involved in accidents because they
improperly entered a travel lane, or to have a description of the most error-prone type of
driver. Such information, confirmed by subsequent hypothesis testing, would permit the
tailoring of educational programs to specific types of students, thereby maximizing the
' effectlveness of instruction,; it could be used in the design and targeting of public information
programs; and it should lead to hypotheses which would inform the design of future accident
causation studies. This section represents an exploratory attempt to develop profiles of
accident-involved drivers for a number of error types drawn from the IRPS causal hierarchy.

3.2.2 Methodology

Wlth a typology of errors defmed by the IRPS causal hierarchy (l), and w1th a large -
‘number of driver and accident 51tuat10n characteristics collected the problem is to choose a
technique which can best utilize all available information. One obvious approach is through
some form of index construction, but construction of indices from the type of data available on
accident errors would require the ability to assign differential weights to possible predictors.
Since there are no a priori criteria for the assignment of weights, some form of analysis which
would allow the computation of weights based on available data is necessary. The ultimate
choice of technique was dictated by the nature of the prablem, as already stated, and the nature
of the data. Taking error type as the dependent variable, four related techniques present
themselves as obvious choices for the solution of this problem: discriminant function analysis,
multiple regression, multiple classification analysis, and the Automatic Interaction Detector
(AID). Since (1) most of the predictor variables involved are either categorical or crude ordinal
scale variables; (2) there is every reason to expect nonlinear relationships between certain
predictors and most of the dependent variables; (3) there is also every reason to expect
nonadditive, i.e., interactive, relationships between sets of predictors and dependent variables;
and (4) it was not possible to specify the precise nature of those relationships; the first three
* techniques were clearly not suitable. AID, because of its use of nominal and ordinal level
predictors and because of its lack of restrictive assumptions concerning linearity and
additivity, was the best available technique to permit the “discovery” of patterns of
relationships that might otherwise not have been detected.

The Automatic Interaction Detector (AID), a technique developed principally by Sonquist
and Morgan (2, 3) and tested by Sonquist (4), is designed for use as an exploratory device to
discover patterns of relationships between a continuous dependent variable and one or more
predictors. Utilizing principles of analyms of variance (ANOVA) to repeatedly subdivide a
sample, AID generates a hierarchical “tree” of the type presented in section 3.2.3. Each split is
decided by finding the predictor (independent variable) that accounts for the greatest
proportion of the variation in the dependent variable in each group. In analysis of variance
terms, a splitis made on the predictor which maximizes the correlation ratio (E2), whichis the
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" ratio of the between (explained) sum of squares to the total sum of squares (BSS/TSS) (5). A
group is not split if the total variation within it is too small by arbitrary criteria; the group size is
too small, defined as less than 20 for purposes of this study; or if E? is less than .006, i.e., the
split would not account for at least 0.6% of the variation in the dependent variable. These quite
liberal criteria are useful for exploratory research even though they present a risk of allowing
some spurious splits, a relatively minor risk with the 2,433 cases analyzed. The ultimate test ofa
split. must therefore be a judgment by the analyst that the- results are reasonable and
substantively explicable (4). ‘

The analysis using 2,433 complete cases from the on-site traffic unit level data from Phases
IL, 111, IV and V was performed in three stages: once with only those predictors which define
driver characteristics, once with both driver-related and accident situation-related predictors,
and, finally, with a subset of the larger group that most frequently appeared to have some
relationship to human errors. The results of the third set of analyses are presented here. The
dependent variables used in the analysis, all drawn from the IRPS causal hlerarchy described
in a previous IRPS report (1), are presented in Table 3-6. All dependem varlables were
collapsed into dlChOtOmOUS categories coded as follows:

0—Not 1dent1f|ed at the probable or certain level as a causal or severlty in-
creasing factor, and x

1—Identified at the probable or certam levelasa causal or severity- mcreasmg
" factor.

Hence, th_e' mean -on any independ’ent ‘variable is also the proportion of ones, i.e., the
proportion of cases identified. That proportion is the expected value of the dependent variable,
_given no other information, and is the prior probability that any case will have been identified
as having committed that error. The mean of any subgroup. defined in the AID tree is the
posterior probability that a case in that group will have been so identified.

The set of analyses reported here.tests the proposition that driver errors can be classified
according to the ten selected driver demographic and environmental characteristics described
in Table 3-7. :

3.2.3 Findings

Figures 3-4 through 3-17 are the AID trees for the causal factors that split on at least one of
the dependent variables used inthe analyses. Table 3-8 is the summary table of the 13 AID runs
showing not only the splits that occurred in the trees, but the competition between different
predictor variables which could have split the sample at the same point but which were
overshadowed by a more powerful predictor. ‘

Reading :

Figure 34 can be read as follows. The box on the left fepresents the entire sample before’: ©
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Figure 3-4
Human Factors-
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Table 3-6

Causal Factors Employed In Analysis

Causal Factors Producing Splits

Human Factors (Summary).
Direct Human Causes

Internal Distraction

External Distraction
Recognition Errors (Summary)
Delays in Recognition
Improper Lookout

Improper Lookout while Entenng Travel Lane from Intersecting Streat or Alley
Improper Lookout Prior to-Changing Lanes or Passmg

Improper Maneuver . ‘

Decision Errors

Excessive Speed

Human Conditions or States
‘Vehicular.Causal Factors

) ‘C'vausa,lv Factors Which Would Not Split

Inattention, :
—to Traffic Stopped or Slowing .
Improper Laakout while Pulling: 0ut from Parkmg Space
Delays in Perception-
Driving Technique’ Inadequately Defanswe
Tailgating
Improper Evasive Actlon
—Locked Brakes .
Improper Driving Technique -
False Assumption )
Physical/Physiological Factors
~—Alcohol- Impairment
Drlver In Hurry

any sphts N the total. number of cases employed is 2 433 The mean of the human factors
summary variable is .575, indicating that 57.5% of all drivers involved in on-site cases were
~ adjudged by the investigators to have committed some kind of human error.! At the first stage,

- the sample was 'split into two groups on the basis of road familiarity, with those drivers who
_claimed to drive the road on which the accident occurred atleast w:ekly exhibiting a somewhat.
lower human error. rate than did those less familiar with the road. The group more familiar

_.' ‘with the road splitagain on  age, with drivers under 25years of age and those 65 or older having,

. a humin factor 1dcntrﬁcatron rate substantially greater than that of drivers between the ages of*

I At the certam or probable, causal or severity-increasing level
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‘Table 3-7

‘ Predictor‘ Variables'Emponed— in AID Analysl‘s '

Variable-Name .~ Code - Values Frequency %
- Sex 1 Male 1682 - 69.13
‘ 2 Female : C 18 . 08
Age - 1 Under 20 years : - 451 18.54
‘ 2 20-24 years - 729 29.96
3 25-34'years . 523 - 21,50
4 3544 years: ‘ 263 10.81
5 4554 years 214 8.80
.6 5564 years 14 510
, 7 65 years or older : 129 5.3
- . Driving Experience . 1 - 2monthsorless - .~ - . 17 . .70
: 2 36 months : 4 1.85
3 7-12 months - 100 in
4 13-24 months 175 7.19
8§ . 2560 months - : 533 21.91
6 .- - 61-120 months 544 .2n
1. Over 120 months 1009 947
Exposure’ 1 " 06000 miles/year 402 16.52
o 2 6001-12,000 miles/year 984 - . 4044
3 12,001-18,000 miles/year . 41 . 1897
4 18,001-24,000 miles/year, 259 10.64-
5 Over 24,000 miles/year 375 ‘ 15.41
Vehicle Familiarity g - 2 months or less 376 15.45.
‘ - " 36 months - - 400 16.44
- 3 7-12 months 526 : 2182
4 1318 months SR 7 S A 174
§ . 1924months 339 - - 1393
& Over 24 months = ‘ €20, 25.48
. Road Famlliarity - 1 Daily - ot 1145 . 47.06
. ) o 2 Twicoweekly ., .. 343 . 1410 .
R 3 - Once weekly . : 229 9.41
-4 - . 'Twice'monthly .. 788 3.62
.5 - Once monthly E 105 432
.6 Very infrequently <13 15.29
1

. Firsttime onroad . S 1 621
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Table 3-7 continued

VariableName ~ Code  Values Frequency = %
Precipitation Intensity 1 None ‘ - 2017 L 890
2 Light : 316 . 1299

3 © ' Moderate - ‘ . 9% . 370

4 . Heavy - o 10 . 41
Visibility 1 Clear ' . 2114 . 8689
2 Hazy o ' 297 C 122

3 Fog o . 2 90

Traffic Volume 1 Light 803 . 133,00
: 2 Moderate 1147 : 47.14
3 Heavy - X 483 19.85

Pavement Condition 1 Dry o W s
, 2 Damp 64 26.06

3 © Wet , 3 127

4 Slush L a7 152

25 and 64. The 809 drivers between 25 and 64 years of age who drove the road of accident at
least weekly had a human factor identification rate of slightly more than 469, compared to
almost 69% for drivers who drove the same road less than once weekly. As these trees are
drawn, the group with the highest identification rate will normally appear in the lower right
~ hand corner of the page, and the group with the lowest identification rate, i.e., the safest group
with respect to that particular factor, will appear in or near the upper right hand corner.

" Reading the Summary Table

- Table 3-8 is designed to show the step-by-step process that the AID algorithm employs in
the determination of which variable to use in splitting a sample. The predictor variable
showing the largest between sum of squares to total sum of squares ratio for a split between a
program-determined dichotomous grouping of codes on that variable is used to split the -
sample into two groups. It is frequently possible that a split could be made on more than oné:
predictor, and in many cases, predictor variables are in fairly close competition with each other
for the privilege of making a particular split. For the purpose of examining the impact of-.
different predictors on the error rates, oridentification rates, on different causal factors, it isas o
important to examine the competitor variables as it is to observe the splits that actually did

occur. In the summary table column one shows the dependent variable, the causal factor under . )
analysis. Column two defines the group to be split at that stage, beginning with the entire: ..

- sample and proceeding through each box in the AID tree that is in fact split. The third column ' ‘
shows the predictors that meet the minimum criterion for splitting a sample, i.e., those havinga:
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Figure 3-5
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Figure 3-6
Internal Distraction
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Figure 3-7

External Distraction
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Figure 3-8
Recognition Errors
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Figure 3-9 .
Delays in Recognition
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Figure 3-10
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Figure 3-11

Improper Lookout While Entering Travel Lane from Alley or
Intersection - _
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Figure 3-12
or to Changing Lanes or Passing -
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Improper Maneuver
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Figure 3-13
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Figure 3-14
‘Decilslion Errors
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Figure 3-15
Excessive Speed
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Figure 3-16

Human Conditions or States
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‘Figure 3-17

-~ Vehlcular Causal Factors
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AID Summary Table

Table 3-8

| Probability |

1 year or less

, of Having
Dependent Group to BSS/TSS| : Committed
Variable | Be Split Predictor 1 EZ  |Resultant.Groups Error

Once a week or more 5217
Human Factors ' | Entire Sample Road familiarity 02200 - - —
{Summary) ‘ . ' Less often than once a .6885
: . week o
25-64 5133
Age -.01336 ,
Under 25; 65 and older 56280
. : -+ | More than 10 years 5213
- | Driving Experience .00836 -
‘ 10 years or less 6131
o] One year or more . .5480
- Vehicle Familiarity 00639 . -
. ' Léss than one year . 6327
Drivers who . ‘ : : 25-64 461
| drive road - | Age 01586 . .
of accident . ' Under 25; 65 and older - 5870
at least .
once a week : -{ More than 10 years AT
Driving Experience 00941 =
. 10 years or less - .5691
o .| 6 months or less 499
‘Vehicle Familiarity .00709 - ‘ —
o . . More than 6 months .5896
‘ o . - .. .| Once a week or more 5213
Direct Human Entire Sample Road Familiarity 02137
Causes . - . ‘Less often than once a 6802
1 week ‘ :
‘ C | 25-B4 5080
Age’ .01260 -
. . .| Under 25; 85 or older 6196
‘ . : ‘ More than 10 years 5154
| Driving Exparience .00801, — ‘
. , " {10 years or less 6053
Drivers who ' 2664 4549
drive road Age 01573 -
of accident Under 25; 65 and older .5804
at least
once a week: More than 10 years. 4642
. Driving Experience .00856
10 years or less .5631
- ‘ More than one year A791
_ | Vehicle Familiarity .00640
‘ 5591
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_ Table 3-8 continued

j

More than 10 yrs.

Probability
- o of Having
'| Dependent Group to . BSS/TSS _ ' Committed
Variable ° Be Split - Predictor - {E?® .. | Resultant Groups Error.
internal Entire Sample- S 20 and over 0333
Distraction ' - ‘ : -~ Age 00615 -
. ‘| Under 20 0732
At-least once monthly;
. : C Very infrequently .0278
‘External Entire Sample ~ | -Road Familiarity 00636
Distraction . ‘ “Twice monthly; ‘
. - ) Never before 0753
‘ Under 20; 35-54
‘ : 1. 65 and older .0200
- Drivers who Age 03161 -
drive the 20-44; 55-64 J15
road of
accident twice - 2 mos. or less; 7-12 .0400
. monthly of who | © T - o " mos.; moré than 27yrs.
have never Vehicle Familiarity- 03018 —
driven it before S < | 3-8 mos.; 13-24 mos. .1348
' © 7 | 2 years or less 0
Driving Experience ~.01588 -
: " | More than 2 years " 0800
‘ : 18,000 miles or less .0562
Exposure 01534 —
- -] More than 18,000 miles 13N
o ; " First time on road | .0596
“Road Familiarity .00608
‘ | Twice monthly 1023
-2 mos. or less; 7-12° .0625
) mos.; more than 2 yrs.
) Drivers who . Experience in .03684 - ‘
| drive the ~ Vehicle .| 36 mos.; 13-24 mos. .1064
| road of -
accident twice A 18,000 miles or less .0300
monthly or Exposure .01587
never before o ‘ More than 18,000 miles 1795
and who are - > .
of ages 20- 20-34 1032 -
34 or 55-64 Age .01355
8 ) 55-64 2308
. ‘ - Never before .0864
‘| Road Familiarity 01128 -
. ’ Twice monthly 1552
. 3 months through 10 yrs. L0971
Driving Experience .00912

.1667
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Table 3-8 continued

Probability

- 142 -

. of Having
Dependent Group to BSS/TSS . Committed
Variable Be Split Predictor (E?) - "|Resultant Groups Error
External Light or moderate 1026
Distraction Traffic Volume 00822 “
continued - Heavy .1818

At least weekly; ’
: : ‘ monthly 2738
Recognition Entire Sample Road Familiarity 01541
Errors : Twice monthly, very in-
frequently; never before 4059 .
Daily; Once weekly;
. ‘ : | Once monthly .2398
Delays in Entire Sample Road Familiarity - .01039
Recognition . L o Twice monthly; Very
infrequently; Never 3437
before :
Once monthly or more
‘ often 1031
Improper Entire Sample Road Familiarity .00812
Lookout ’ Less often than once
‘ monthly or never before 1240
Under 65 1115
Age .00798 —
_4:65 and older | 2403 |
Drivers who - Under 45- 0877
drive road Age. 0114 |- —
of accident
at least 45 and alder .1694
monthly
Improper Lookout
while entering ' Male 0584
travel lane ‘| Entire Sample Sex .00648
from intersecting Female .1034
street or alley
Improper Loockout ' . .] At least monthly 0099
priar to Entire Sample Road Familiarity .00675
changing lanes : ) ' Infrequently or. never
or passing before. 0344
Has driven road before 0337
Improper Entire Sample  °|-Road Familiarity .01482
Maneuver Has never driven road 1325 -
: ) Light or heavy .0581
Driver has Traffic Volume .00238 -
never driven - : Moderate .0048
road of accident o
| e s——




‘Table 3-8 continued

Probability
- | of Having
| Dependent | Group to : : BSS/TSS : : Committed
| Variable . Be Split " | Predictor “(E?)) | Resultant Groups Error
Improper Driver has ‘ A year or less; 2-10
Maneuver never driven | yrs. 0588
continued road of accident | Driving Experience . .06076
Cte continued. - ‘ One to 2 yrs.; greater - -
‘than 10 yrs. ’ 2273
: . S | Wet . ) . 1233
‘ Precipitation .02331
1 Dry - .4000
Less than 12,000 miles;
19,000 through 24,000
. oo miles .’ 1019
Exposure - .02046 .
13,000 through 18,000
miles; more than 24,000 .
miles ' S 2093
. Under 35 1062
‘Age K 01784 . - -
’ 35 and older ) 2105
2 months or less; 7
o through 12 months 0909
Vehicle Familiarity .01166
. . 3 through. 6 months;
more than 1 year 1647
' ‘ Moderate or heavy 217
Decision Entire Sample Traffic Volume .00895 -
Errors ) Light . .3642
o } . At least twice monthly 2770
Road Familiarity 00858 |——
Less often than twice’ ‘ s
monthly - anaz
' ‘ ' : 25 through 64 . 2580
Age, . ‘ - .00792 — - - —
. - |Under 25 or over 64, 3400,
o ' ' ' At least twice monthly . 3134
Light Traftic Road Familiarity 02481 - ‘ -
Less often than twice oL
monthly : 4777
‘ : Under 25; 45-54 .4136
Age .. | o500 = - ’
- . 25-44; 55 or older .2339
, . o S Dry or lce . 4786
" ; ‘ Precipitation 01200 ‘ - -
. - . . ‘ . | Rain or snow - - ‘ 3399
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Table 3-8 continued

Probability

of Having
Dependent Group to BSS/TSS Committed
Variable Be Split . Predictor. (E?). | Resultant Groups Error
- I . More than one year 3133
Decision Lignt Traftic Vehicle Familiarity 00742 -
Errors continued :
continued One year or less 3920
More than one year .3520
Driving Experience .00717
One year or less .5000
0-6000 miles; 13,000-
18,000 miles 4182
Exposure .00693
7,000-12,000 miles,
More than 18,000 miles .3346
Dry .3347
Pavement Condition .00648
(Striking Vehicle) ‘ Not dry .4150
. . Moderate or heavy 0477
Excessive Entire Sample Traffic Volume .02502
Speed Light 1377
- | 20 or older .0590
Age . 02051
Under 20 1574
More than two years .0630
Driving Experience .01782
Two years or less 1662
Female 0439
Sex .00696
Male 0917
| Dry .0636
Pavement Condition .00651
Not dry 11t
' More than one year .0548
Vehicle Familiarity .00614
. One year or less .0968
- | 20 or older .1032
Light Traftic Age . 03737 —
Volume : Under 20 2683
More than two years 1118
Driving Experience 02962
Twa years or less 2734
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Tabie 3-8 continued

Probability

of Having
Dependent (Group to- BSS/TSS Committed
Variable Be Split Predictor (E?) Resultant Groups Error
| Excessive ' Light Trafic B ‘ Mare than one year ..0932
Speed Volume Vehicle Familiarity 01324 - ‘
continued | continued ‘ - - | One year or less 730
Precipitation None 21214
Intensity .01050 -
Light or moderate 2143
1. Female . 0841
Sex .00955
Male 1573
Daily, weekly or
Road twice monthly .1084
"1 Familiarity .00940 ‘
: Twice weekly or once 1758
monthly or less
) | Dry 1160
‘| Pavément Candition 00764
- | Not dry 1795
A Clear 1278
Visibility .00671
Hazy or foggy .2184
Drivers age 20 Precipitation ‘ None .0841
or older in intensity 01916
light traffic Light or moderate 1963
] Dry, wet, aor icy .0992
Pavement Condition .00705
o Slushy or snowy .2667
Infrequently or at
& least twice monthly 0940
Road Familiarity .00649
‘ ‘ o Once monthly or
never before ,1688
Drivers age 20 - Daily; weekly; once
or older in : or twice monthly 1395
light traffic Road Familiarity .08354
in precipitation Twice weekly or
‘ never before 4286
Female 0968 .
Sex .02559
Male 2267
Wet, icy .1685
Pavement Condition .02409
] . Dry, snowy 3333
——— |
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Tahie 3-8 continued

; Probability
IR . B o “ .. .| of Having
Dependent Groupto - BSS/TSS .| Committed
Variable " Be Split .| Predictor (E?) | Resultant Groups Error -
Excessive | Drivers age 20 . : 36 months; 19-24-mos. 1381
Speed ] "1 or older in- | Vehicle Familiarity 01262
continued . ~ | lighttraftic = "~ f 7 © | 2months or less; 7-18 ,
' - in precipitation ‘ months, more than 2 yrs 2286
continued . .
1 Five years or less;
’ : S ‘ mere than 10 years 1786
Driving Experience 00725,
5-10 years .2609 -
SR R ‘ | ~''-7| 6000 miles or less; more :
: B . .| than 24,000 miles 1471
Exposure ‘ © 00715 - -
. : 6,100-23,900 miles’ 2192
Drivers under - Clear, toggy 2350 |
20 in light .~ - Visibility .03753
traffic. = } ‘ o Hazy ’ 5000
More than 6 months
: Lo : " through 10 years 2378
Driving Experience ‘ .02288 - -
e ' ~6.months or less; o
more than 10 years 3885
" S Female 1538 -
“Sex - ©.01941
‘ ' ) | Male 3000
: : ' | 13-24 months 1250
"I Vehicle Familiarity 01691
L - 12 months or less;
a more than 2-years .2897
- : s St Weekly 0769
Road Familiarity ‘ .01529 -
. ) L Less often or more
often than weekiy g 2821
L - 1 Dry,icy ‘ 2315
- Pavement Condition ~'| = .01097 ——
o | Wet, snowy 32719
7000-12,000 miles; more :
‘ h than 24,000 mijes ' 2179
Exposure .01024 -
: “ | 0-6000 mifes; 13.000-
24,000 mites . .} ., 3077
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Table 3-8 ‘coniihued :

Probability
of Having
Dependent . - [ Group to - BSS/TSS | : : Committed
Variable Be Split Predictor {E?) | Resultant Groups’ Error
Human Condi- Entire Sample At least weekly or oo
tions or : S ‘monthly . ‘ 0351
States - : Abad Familiarity A st ‘ -
‘ ) S Twice monthly; infre-
quently; or never before 1031
: 3 months or more .0505
Driving Experience . . .00832 £ . -
Less than three months .2941
) ‘ Moderate or heavy 0387
| Traffic Volume .00753
Light 0797
‘ 3 months or more .0982
Drives road- Driving Experience ..01586
twice monthly; - Less than three months .4000
infrequently - - ; —
: or has never. ‘ Mare than 12,000.miles .0605
) driven it .’ .| Exposure 01342 -
before- : 12,000 miles or less 1322
1 : Has driven road before .0848
Road Familiarity -.01106 - -
s . Never before been on
road .1589
Vehicular | Entire Sample . o Dry, snowy, or icy - .0350
Causal Factars Pavement Condition .008%0 -
1 . Wet ' 0804
Precipitation . ‘None 0387
Intensity 00727
) - . | Any precipitation .0865
Less than 3 or more than
. . . - 16 months .0444
Driving Experience .00723 - —
L . - - . |36 months A778
) 20 or older ; .0389
Age L .00631 -
Under 20 .0820
Wet Pavement - . T . o More than 2 years .0646
oL Driving Experience . . .02444 — -
Ny ’ ) 2 years or less 1948
R © . |20 or older . .0654
Age o .01398 -
Under 20 1491
— ————————y]
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- Table 3-8 c_'o'ntlln“ued

" | Probability
S e - | of Having
'Dependent . | Groupto - |Bss/TSS | Committed |
Variable Be Split-- -~ | Predictor - (E?) Resultant Groups ~ Error
Vehicular WetPavement | _ - | Less often than dkarily 0536
Causal Factors continued ‘Road Familiarity .01101 . .
continued ‘ o o o R Daily . . 1107 -
‘ ' - More than one‘y‘ea’r - 0514
Vehicle Familiarity - 00876 F -
: ’ ‘ N One year.or less” N 1053
1 - S : | Female S .0481,"
Sex S| . 00691 p— —— —
' S Male 1. 02

BSS/ TSS ratio of at least 006, ranked in order of the BSS/ TSS ratio. The fifth column defmes
the group that did result or would have resulted from the splitin question, and the last column
‘gives the identification rates for each subgroup Note that the first predrctor lrsted for each
group is the one on which that group was in fact split.

Human Factors

" The human factors summary, a varrable that mdrcates whether or not a partrcular drrver
was identified as having committed any given error, split fust on road famrharrty, wrth an
identification rate of .53 among those who were relatively familiar with the road (those who
drove it at least once a week), and .69 among those who were relatively unfamiliar withit. The
sample could also have been split on the basis of age, driving experience, or vehicle familiarity,
with the age split being relatively strong. Note that the probability of identification for the
subgroups produced by splits on either age or driving experience would be roughly the same,
and that these two variables are close competitors for splitting the sample at that point.

The high road familiarity group was further split on the basis of age, with- drivers between
the ages of 25 and 64 being less likely to have committed an error than those either under 25, or
65 or older. Again, driving experrence splrt atthe lO-year experrence pomt isaclose competrtor
with age.

Direct Human Causes

This variable is closely related to the human,facrors summary ob‘ov’e,'hﬁt"exéludes errors,
‘related to a driver's physiological or psychological state (including alcohol and drug usage).
The results are essentially the same as for the human factors summary except that the entire
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sample for direcr human causes could not have been spht on the basis of vehicle familiarity.
Since the: vehlcle familiarity split for the human factors summary was so close to the rejection
pomt th1s drfference 18 not consxdered to-have any important interpretation.

Internal Dlstracnon

... The only possrble spht on thrs variable occurs on the b351s of age, with drlvers under 20
‘ more than twice as likely to have an accident caused by internal dlstractlon

External“ Distraction

I he only predlctor that could split the entire sample i§ road familiarity, with drivers who

“drove the road at least once weekly, or who said they drove it very lnfrequently, hemg much less = -

- frequently identified than other drivers. This split is not as neat as one would like, and,
combined with other similar splits'in previous analyses, appears to result from a problem in
. reporrmg on.this particular variable. Briefly, drivers appeared to rank the response “very
“infrequently” at radically different placesin the group of possible responses, thereby producing
‘a response category thatis extremely drfflcult tointerpret,and which behaves erratrcally inthis
-kind .of analysis. . :

Drivers who drive the road of the acc1dent twrce monthly and those who had never drivenit
before produced a fairly strong split on age, but the nature of the split is not theoreucally
mterpretable The same group could have spht on vehicle famlharlty, dnvmg experience,
exposure, and road familiarity. Results of thlS type are presented for the benefit of other
analysts who may find them useful, but no attempt here is being made to intcrpret them. It
should be noted that the very low identification rate in these groups, i.e., the extreme skewness
‘in the dependent variable, tends to produce urireliable splits in AID, and any interpretation
that is made on this partlcular dependent varidble should be made very cautlously w1th the
understandmg that the results may be an artrfact of the skewness problem.

Recogmtlon Errors

; The only posslble spht of the sample of recogmuon €Irors was made on road famxharnty,
wuh drivers more famrhar w1th the road less likely to have commmed a recognition error,

' Delays m Recogmtlon . .

This causal factor, a subset of the recogmtlon errors factor menuoned above produced
smllar results.’ R ‘ Lo :

lmproper Lookout

Ro.ad familiarity and age proved to be close competitors to split the overall ‘sample, with
road famlhanty producmg the actual spllt Based on the 1den11f1catlon ratcs ‘it appears that

B
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drivers who are unfamiliar with rhe road or who are 65 years of age or older are substantially

more hkely than other drlvers to' commn some kind of improper lookout. The high familiarity
drivers then split on age, with dnvers 45 years of age or older, who are relatively familiar with
the road, bemg twice as hkely to commit an 1mproper lookout than younger drivers equally
familiar.

'lmprdper Lookout While ‘Entering Travel Lane from Intersecting Street or Alleyb

The only possible'split.of thrs group came on sex, with women bemg roughly twice as likely
as men to commit this type. of error. :

Improper Lookout Pnor to Changing Lanes or Passing -

The only posmble split on thls factor-came on road familiarity, ‘With  the probabrhty of

identification for drivers who drove the road of the accident at least monthly bemg roughly 1%,

- and that for other dnvers bemg rough]y 3.5%. It may be that citation of this particular erroris
- an indication' of mlsjudgment of distance between vehlcles or m1s1udgment of vrs1b|hty

e lmproper Maneuver While Entenng a Travel Lane Prior to Changing Lanes or Passmg

The overall sample could only be split onroad famxhanty between drivers who had been on
the’ road and those who had not. Apparently, any prior experlence with the roadway in
question gives a driver a tremendous advantage where this maneuver is concerned w1th the

“identification rates being 3% and 13% respectively. ‘

The group of drivers who had never before been on the road of the accrdent split on traffic
volume with moderate traffic volume producing an error- probability of 23%, as opposed'to
5.8% for either light or heéavy traffic volume. Apparently, light traffic volume presents few

maneuver problems, and heavy volume restricts vehicle activity. sufficiently to make
maneuvering relatively urwmportant while a moderate traffic volume provides the potential
hazards and obstacles of heavy volume without its concomitant restrictions on vehicle
movement. This group could also have been split on driving experience, precipitation,
“exposure, age, and vehicle familiarity. One might speculate that the split between drivers
having a year or less, or two through ten years of experience, and those with one to two years,
or greater than ten years expenence is explicable on the grounds of insufficient skills at one
" éxtreme and excessive exposure to risk occasioned by the srze of the group and the time and
. experience span covered at the other, The precrprtauon split can be explained in much the same
terms as the traffic volume split, with wet pavement imposing restrictions and engendering a
" ‘certain amount of caution that reduced the probability of an improper maneuver. No
" interpretation is offered of the possible splits on exposure, age, or vehicle familiarity.

. Decision Errors

The sample split on traffic volume, with an identification rate of 279 in moderate or heayy
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traffic and 36% in light traffic. Apparemly, the greater the traffic volume the greater the
propenslty of drivers to commit decision errors, or at least the propensity for those decision
errors to result in traffic accidents. ‘As’one might expect, decision errors are' more commonly
commltted by drtvers on unfarmhar roadsthan on roads with which they are familiar. Drivers
between the ages of 25 and 64 are much less ltkely to be cited for decision errors than clther
young drivers or old drivers. :

The light traffic group split further on  road familiarity, with drivers who drove the road of
the accident at least twice monthly being identified as having committed decision errors at a
rate of 31%, as'opposed to 48% for drivers less familiar with the road. This same group could
‘have been split on age, with young drivers and middle aged drivers (those between 45 and 54)
being more frequently identified than drivers of other ages. In light traffic, decision errors were
most likely to occur or result in accidents on either dry pavement or onice than on-either rain or
Snow, mdlcatmg a possible caution factor at play again in this case. Vehicle familiarity also
appears to be a determinant of decision errors in light traffic, thh drivers with one year or less
time in their vehicles being somewhat more hkely than those thh more than a year to commita
decision error. The same is true of driving experience in general. Noi mterpretatlon is offered
for the apparently erratic split on expos:'re. ‘

Excesslve Speed

. As might be expected excessive speed split first on trafﬁc volumc, thh an 1dent1ﬁcatlon
rate of slightly under 5% in moderate ot heavy traffic and one of almost 14% in light traffic.
This result is consistent with condmons that prowde an opportunity. to speed Young drivers
were almost three times as likely as drivers 20 or older to be cited for excessive speed males
- were twice as likely as females; less expenenced drivers (those with two years or less driving
‘ expenence) were roughly two and a half times as likely as more experienced dnvers and those
who are relatively unfamiliar with their vehicles were roughly twice as hkely as those who were
more familiar. It is possible that great fammanty with the vehicle perrmts a driver to gain a
superior ability to control it, thereby mcreasmg the’ probabthty of avo:dance in acmdent
situations in which excessive speed might become a factor. Excesswe speed was cited almost
twice as often on wet, snowy, or tcy pavement than on dry pavement, probably related to the
driver’s ability to control the vehlcie, to maneuver, and to stop.

‘The light traffic volume group split on age, with an identification rate of 27 for dnvers
under 20 and .10 for those 20 or older. This subgroup could have been spht on. the same other
variables as the entire sample with roughly the same results. Add1t1onally, when traffic volume
is light, the probablhty of an acmdent being caused by excessive speed appears.to be related to
Pprecipitation intensity, road famthanty, and vxslbxhty Accidents caused by excessive speed in
light trafﬁc are more hkely to occur in hazy or foggy condmons on pavement that is not dry and
‘when there is some kind of precipitation. They are more likely to involve drivers under 20,
those who are relatively mexpenenced those who are unfamiliar with their vehicle, _males, or
those who are unfammar w1th the road. ' :
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Drivers age 20 or.older who were involved in accidents in light traffic are almost two and
one half times as likely to be cited for excessive speed if there is some kind of precipitation. The
20% rate in this group indicates apparently strong need for countermeasures related to
instruction in the assessment of safe speeds in wet weather. The possible split on pavement
conditions separating slushy or snowy pavement conditions from dry, wet, or icy pavements
again highlights the need for some way to teach drivers to properly assess the maximum speed
at which they can safely operate their vehicles under certain environmental conditions. Road
familiarity is also a factor, as might be expected, since ignorance of certain hazards or certain
hazardous locations on a particular roadway might lead the driver to set an unsafe speed.

Drivers age 20 or older in light traffic in precipitation split on road familiarity, but the split
is obviously unstable, possibly due to the small size of the group being split. Results in this
category should be interpreted by readers with great caution.
 Drivers less than 20 years of age driving in light traffic have a probability of commlttmg an
excessive speed error of 50% if visibility conditions are hazy. This samé group is more likely to
be idehtiﬁed as having committed an excessive speed error if they have been driving for 6
months or less, or more than 10 years; if they are male; if they have a year or less, or more than 2
'years experience with the accident vehicle; orif they are driving on wet or snowy pavement. No
: 'in;e‘rprctation of the road familiarity or exposure splits is offered.

Human Conditions or States

Many traffic accidents are certain to be attributable to different human psychd]ogical or
physical conditions, especially alcohol and drug use. This factor split first on road familiarity,
leading to the hypothesis that some kind of physical or psychological impairment is
compounded by a lack of familiarity of surroundings in such a way that some other errors may
not be. The possible splits on’ driving experience and traffic volume are consistent with the
~ interpretation that an impairment of the type that would lead to identification of a human

. condition or state factor might be compounded by any other potential disadvantage (such as
road familiarity, driver inexperience, or traffic volume patterns of the type that permit
excessive speed). Drivers who drove the road of the accident twice monthly, infrequently, or
never before (which we are interpreting here as being an unfamiliar group) are 4 times as likely
to be identified as having some relevant human condition or state if they have less than 3
months driving experience; if their exposure rate is 12,000 miles annually or less; or if they are
--on the road of the accident for the first time. : .

Vehicular-Causal Factors

The possible first splits on this factor were pavement condition, precipitation ihtensity,
driving experience, and age. The high identification rates for wet pavement and precipitation
are consistent with the fact that a majority of the vehicular factors are related to tires and
brakes — problems which would be greatly intensified by environmental factors that might
increase stopping dlstances or degrade vehicle handling. The two driver characteristic
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.variables are consistent with the widely held belief, in part confirmed by other analyses
presented in this report, that inexperienced drivers and young drivers are more likely than
others to drive defective vehicles.

Drivers involved in accidents on wet pavemcnt are more likely than others to be cited for
some vehicular factor if they have been driving two years or less, they are under 20 years of age,
they drive the road of the accident daily, have one year or less expenence with the accident
vehicle, or are male.

3 2. 4 Concluszons and Recommendanons Sfor Future Research

The cxploratory analyses presented here indicate that it is possible to 1dent1fy subgroups of
accident-involved drivers that exhibit a pamcularly high probability to commit a particular
type of errorthat leads to traffic accidents, given knowledge of a few basic characteristics of the
drivers and of the environmental circumstances under which their accidents occurred.
Particularly important in discriminating between drivers who committed human causal or
severity-increasing errors are variables related to the driver's experience with the driving task,
measured in terms of the number of years of driving experience and annual exposure;
familiarity with the road on which the accident occurred, measured in terms of the frequency
with which he travels it; familiarity with the accident vehicle, measured in terms of the length of
time he has been driving it; and driver age and sex, which are presumed to be related to
experience, risk-taking behavior, type of exposure, and, at the high end of the spectrum,
deterioration in motor skills and attention span. The commission of certain errors — those
related to distractions, maneuvering, evasive actions, and speed — are also related to certain
environmental characteristics of the accident scene such as traffic volume, precipitation,
pavement condition, and visibility. For the most part these latter variables appear to affect the
probability that some kind of driving error on the part of the driver will actually result in an
accident, e.g., speeding is more likely to be cited asa causalfactorin accidents on wet pavement
than on dry, presumably because the potential for loss of controlat unsafe speedsis greater on
wet pavement.than on dry.

Lack of familiarity with the road is apparently related to the commission of a broad range
-of human errors, and research should be conducted into the possibility of finding ways to
alleviate that problem. While it is obvious that familiarity with a road can only be gained by
driving on it, it might be profitable to explore the possibility of designing research which would
identify the discrete components of familiarity in perceptual and behavioral terms and to
design training programs that would teach drivers to more rapidly learn the relevant’
information from a new road. If a generally usable driver education program component could
be developed to shorten and steepen the learning curve with respect to roadways, vehicles, and
driving in general, it could ultlmatcly have the effect of reducing that portion of traffic
accidents attributable to driver i inexperience.
. Some of the potential splits on sex which turned up in this analys1s are of i mterest It is
frcquemly assumed that the higher involvement ratesand high error rates of male driversare in

- 153 -



part attributable to the substantially greater exposure that the average male driver hasover the
average female driver. The presence of a number of possible splits on sex (always showing

 higher identification rates for men) in situations in which a split on exposure was not possible,
raises the question of whether there is some other characteristic of male drivers that leads them
to commit certain types of errors. In the case of speed-related errors, it iscommonly agreed that
men are more likely to exhibit risk-taking behavior which may manifest itself in speeding; but
this kind-of explanation is somewhat -weaker when applied to the apparent propensity of men
to be driving relatively more defective vehicles. Of special interest in this subject is the finding
that accident-involved women are twwe as likely as accldent-mvolved men to have'pulled out
into traffic with looking adequately. : :

Finally, this kind of exploratory assessment is greatly hampered by thc relatnvely small
subsample sizes with which it was necessary to deal. Even with the 2,433 complete cases
available from the IRPS on-site investigations, the decomposition of a sample into subparts
quickly produced relatively small groups of interest that cannot be adequately studied or
further-decomposed due o their small size. It is clear that future studies of accident causation
will continue to refine both the definitions of causation and the human factors data collected.
They should increase the ability of résearchers to analyze relatively large subgroups by
providing a longitudinal data set of cases currently available and those to be subsequently
collected in a form consistent with previous work. Of course, this problem could be solved if
NHTSA could develop a relatively snmple causal assessment scheme that could be .applied by
the NASS level B-teams.
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4.0 Motorcycle Accidents- imd Causes

The purpose of this section is to provide information useful in the development of motor-
cycle operator training and other programs aimed at reducing the frequency and severity
of motorcycle accidents. The following discussion is divided into three main sections.

- The first assesses differences between the characteristics of accidents involving motorcycles
and accidents involving other types of vehicles. Motorcycle and other accidents reported to the
Indiana- State Police in 1973 are compared on the basis of accident configuration [as de-
veloped by Reiss, Berger and Vallette (1)]; severity; place of occurrence; month; day of week;
time of day; road surface condition; light condition; sex, age and alcohol presence of .
motorcyclist/driver. :

Second, characteristics of IRPS motorcycle accidents are compared with 1973 Indiana
State Police motorcycle data to determine the representauveness of the IRPS motorcycle
sample.,

Third, the IRPS motorcycle sample is analyzed on thc basis of accident causatxon Errors .
of accident-involved motorcyclists and errors of other vehicle drivers involved in motorcycle
. accidents.are described and compared to error rates of all IRPS accident-involved drivers.

4.1 Summary of Results

4.1.1 Differences Between Motorcycle Accidents and Other Tb'aﬁ" ic Accidents (1973 lnduma
State Police data)

‘ Motorcycle accidents and other motor vehicle accidents take place in different situations.
Motorcycle accidents when compared with other traffic accidents are more frequently single
vehicle, rural, non-intersection, Whlle other traffic accidents are more frequently multi-vehicle,
urban,

- Motorcycle accidents in Indiana occur at different times of the year. Motorcycle accidents
happen more frequently in May, June, July, Augustand September; while accidents involving
other motor vehicles occur more frequently in October through April.

Motorcycle and other motor vehicle accidents happen on different days of the week
Motorcycle accidents occur on the weekend and other motor vehicle accidents occur more
‘often during the week.

‘Motorcycle accidents happen at different times of day. Motorcycle accidents occur more
frequently between the hours 1:00 P.M. to 1:59 A M. while other motor vehicle accidents occur
more often between 2:00 A.M. and 12:59 P.M..

Motorcycle accidents happen more frequently in rural settings than accidents involving
other motor vehicles.

Motorcycle accidents are more injury producing than accidents involving other motor
vehicles. ‘

Motorcycle accidents occur more often on dry road surfaces while other accidents happen
more frequently on wet or snowy/icy road surfaces.
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] There is no difference between motorcycle accxdents and other accidents w1th respect to
" light conditions at the time of the accident.
Accident-involved motorcychsts are younger than dnvers of other accident-involved
vehicles. : :

Accident-in /olved motorcychsts are more frequently male than dnvers of other accrdent-
‘involved vehicles. -

There is no difference between motorcyclists and other drxvers with respect to the presence
of alcohol. -

4.1.2 Representativeness of IRPS Motorcycle Sample

IRPS investigated 52 motorcycle accidents during the 5 yearly study phases (11 / 1/ 70 to
5/31 /75) These accidents are representative of all 1973 ISP reported motorcycle accidents
with respect to accident ponﬁguratron, severity, place of occurrence, month, day of week, time

' of day, road surface condition and light conditions. IRPS accident-involved motorcyclists are

representative with respect to sex and presence of alcohol but not with respect to age. The
IRPS-sampleis overrepresented with 20-34 year-olds and underrepresented w1th motorcychsts
‘less than 20. ' . _

4.1.3 Motorcycle Accident Causes

Accident-involved motorcyclists cause. accidents primarily because of poor decision
making and by not responding appropriately to environmental hazards. The most frequent
"decision making error is excessive speed, fc'lowed by false assumptlon (e.g., assumed other
driver was required to stop or. yield at intersection) and improper drwertechmque (e.g.,should
have adjusted speed). The most frequent enwronmental hazard for motorcyclists is vrew
obstructions (e.g., hillcrests and sags) followed by slick roads and spec1al hazards (e.g., non-
contact vehicle). .

Other motorists involved in motorcycle accidents are at-fault because they failto recogmze
the presence of motorcycles, make poor decisions and respond improperly to environmental
hazards. The primary recognition error is inattention to other traffic, improper lookout or
other delays in perception when entering a travel lane from an intersecting street or alley. The

. second most frequent. recognition error is internal distraction (e.g., conversation). The most
prevalent decision error is improper maneuver (e.g., turnfrom wrong lane). The most frequent
environmental hazard is view obstructions (e.g., parked traffic).

When compared with other accident-involved drivers motorcyclists make fewer human
errors, make significantly fewer recognition errors (p< .001) and have fewer accident causing
. vehicle malfunctions. On the other hand, other vehicle drivers involved in motorcycle
accidents are more cilpable, make mgmf' icantly more recognition errors (p = .016), make
significantly fewer decision errors (p = .044) and are less likely to be. affected by adverse
physiological/psychological states (e.g., alcohol or drug impairment). ‘
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. 4.2 Detailed Discussion

4.2, I3 Dgfferences Between Mororc yele Acctdems and Other T}‘aff c Accxdems ( 1 973 Indiana
' State Polize Data) N

In order to compare the characteristics of motorcycle accrdents and, other motor vehicle
K accldents, it was necessary to access the 1973 Indlana State Polrce Accident file. By using thls ‘
. data mformauon from 4,326 motorcycle accidents was avarlable for summarization.

All 1973 Indiana motorcyc]e accident data and a 1.15% systematlc sample of crashes
mvolvmg other motor vehicles were extracted from thisfi ileand saved for further analysis. This
resultant motorcycle/ other vehrcle accrdent file (M/ O file) contained information from 4,326
motorcycle accidents and 4,181 accidents involving other motor vehicles. The M/ O file was
then used to analyze the différences between characteristics of motorcycle accidents (M/A)

'and olher motor vehicle accidents (OMV/A), accrdent-mvolved motorcychsts and other
accidént-involved drivers. M/ As and OMV/As were compared on the basis of accident
‘typology, severity, place of occurrence, month, day of week, time of day, road surface
condltlon and light conditions. Motorcychsts and other accident-involved drivers were
compared by age, sex and alcohol presence Two-sample chi-square tests and srgmﬁcance
" levels were computed on the M/A and OMV/A distributions; results are presented at the
bottom of the first two columns of Tables 4-1 through 4-11. M/A and OMV/ A distributions
are significantly different -at the p < .001 level of significance for the following accident
characteristics: accident typology, severity, place of occurrence, month, day of week, time of
day, road surface condition, motorcyclists/driver age and sex.

Note: When s1gmﬁcant differences do exist between M/A and OMV/ A drsmbutrons,
‘accurate explanations are at trmes difficult to make without the'added irformation provided
by exposure and causation statrstrcs When M/ As are shown to happen more frequently at
‘particular times, situations, etc.. 1t is impracticable to judge if it is because motorcyclists log

more mileage durmg those times — are exposed to a situation'more frequently, orif particular
times, situations, etc. are more dangerous for motorcyclists. Even in the absence of exposure
and causatron data, comparisons of this type are useful in descnbmg M/A phenomena and in
showing how they differ from OMV/As.

Accident typology distributions for M/As and OMV/As are presented in Table 4-1.
‘Accident typology is defined in terms of the scheme developed by Reiss, Berger and Vallette (1).
M/ As are shown to-differ from OMV/ As in that they are more frequently single vehicle, rural,
non-intersection ‘and less frequently urban, multi-vehicle. This is probably because
.- motorcyclists drive moren rural than in urban areas. There is howeveran over-involvement of
.single vehicle motorcycle accidents at urban intersections (.7% of OMV/ As are single vehicle,
urban, intersection accidents while 2.4% of M/ Asarein this class). If motorcyclists drive more
in rural than urban areas, as is hypothesized, an over-involvement of single vehicle M/ As at
urban intersections indicates urban intersections are a parucularly dangerous situation for

motorcyclists.
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When M/ As and OMV/ As are compared by month of occtirrerice, M/ As'are shown to be
more prevalent in summer months. This is probably because of exposure — motorcychsts
drive imore during fair weather. Results are presented in Table 4-2.

M/ A’s take place on weekends. 35.7% of M/ As happen on the weekend compared to 27.7%
for OMV/As. There is also a slight over-mvolvement of M/As on Thursdays. Again this
weekend over-involvement is probably because of exposure Results are presented in Table 4-
3. P

“When M/As and OMV/As are compared by tlme of day. (Table 4-4), M/ As are shown to
occur more frequently between the hours of 1:00 P.M. and 2:00 A.M. Itis probably true again
that the over-involvement of M/ As. in aftemoons and evenings is prlmanly due to
.overexposure at these times. . . o

Results for M/A and OMV/A companson by urban and rural places are. presented in
Table 4-5. The overrepresentation of rural M/ Asi is, as stated earlier, probably a funcuon of
.eXposure.

Table 4-6, Comparison of M/As and OMV/As by Accldent Severlty, shows that Indiana
Police reported M/ As are more injury producing than OMV/ As. 2.3% of M/ As are fatalities
compared to .5% for OMV/As. 75.9% of M/ As are injury producing compared to 22.4% for
OMV/ As. One contributing factor to this large difference is the tendency for minor M/ As to
not be reported to police agencies thus makmg ISP estimates of lesssevere M/ A accidents too
small.

When comparing M/ As and OMV/ As by road surface condition (T able 4—7) results show
more M/ As take place on dry road surfaces (93.4% for M/ As and 68.5% for OMV/ As) and
proportionally fewer M/ As happen on wet or snowy/ icy roads. Again thisis probably because
‘motorcyclists drive less during rainy, snowy or icy conditions. '

Light condition comparisons are presented in Table 4-8. No stamncally srgmﬁcam
difference exists between M/ As and OMV/ As with respect to light conditions. There is a slight
over-involvement of daylight M/As and corresponding under-involvement of night M/ As.

Comparisons of accident-involved motorcyclists and other vehicle drivers are presentedin
Tables 4-9 through 4-11. Motorcyclists are shown to be younger, are usually male (96.4% male)
and are no different with respect to alcohol presence. Again the over-involvement of young
males in M/As is primarily due to the over-exposure of younger, male motorcyclists. .
4.2.2 Representativeness of the IRPS Motorcycle Accident Sample

Fifty-two M/As were investigated by the IRPS on-site investi'gélion team during the

. period November 1,.1970 to May 31, 1975. M/ A characteristic distributions of the IRPS
sample were compared with the distributions for all 1973 ISP M/ As. One-sample chi-square

_ statistics and significance levels were computed. ISP and IRPS distributions/ chi-square one-
sample tests for each characteristic are displayed at the bottom of columns two and three of

- Tables 4-1 through 4-11.

Generally, the IRPS sample is representative of 1973 ISP reported M/ As. Only one
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Table 4-1

Comparison of Motorcycle Accidents and other Motor Vehicle
Accidents by Accident Configuration. - L

- 1973 Indiana - -
Accidents .7
Involving Other. .
- Mator Vehicles

Accident.. ..
Contiguration

- 1973 Indiana
© . Accidents .. .

Involving . . .

- Motorcycles

- Phases | thru'V . .

.0n-Site Accidents

: Involving ‘
_ Motorcycles

n _ % n % n %

Multi-vehicle
Urban . - T L . . .
Intersection 1271 304 1079 248 19 36.5

‘Multi-vehicle*

Urban ..o . e

Non-Intersection . 858 20.5 655 151 7 135
Multi-vehicle ‘ ARt '

Rural’ e L
- Intersection . - <o 442 -~ 106 . . 498 5. 4 Y
Multi-vehicle et o I o B
Rural o e SRR e e e
Non-Intersection 560 134 583 136 5 96
Single Vehicle o : ST T e
" Urban . A
Intersection - 28 - -.7 o 102 - 247 1. g
-Single Vehicle | T

Urban = o T S
Non-Intersectioni 549 131 51 118~ 70 135
Single Vehicle: ' S o '

Rural . L e
_ Intersection 20 5 AR A Sl

Single Vehicle.
Rural - L ,
Non-Intersection 483 7 10.8 820 ¢ 190 9 173
Total . 4181 1000 436 1000 52
' 1 Xe=22327with7dte ] I
o L X =5317with7di NS - ]

 Sources: Indiana—1973.ISP statistics: IRPS—Phases | thru V on-site accidents' | S
NS—Not Significant g

100.0

<05

p s
“* p<.0l
“* p £.001
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Table 4-2

Companson of Motorcycle Accidents and other Motor Vehicle
Accidents by Month of Accident - S

1973 Indiana 1973 Indiana Phases | thru V

o Accidents . Accidents. On-Site Accidents
Month of = .~ = involving Other (nvolving - ~Involving
Accidentr ¢ . -Motor-Vehicles Motorcycles Motorcycles
n % n % n R
January a3 75 50 12 2 38
February : 326 78 40 - 9 -
March 3’1 . 84 193 45 5 98
April | 338 - 8.1 32 79 8 . 154
May - 367 88 . 4718 . 110 7 135
e 350 8.4 758 175 4 77
July ‘ 3 79 718 16.6 4 77
August | 32 82 100 162 8 154
September o 28 . 78 - 524 12.1 B 115
October | " 380 - 9 335 77 5 96
November -+ 326 . - 78 - - 14 31 2 - 38
December 430 10.3 54 12 1 19
Total 4l 1000 - 4326 100.0 52 100.0
1 Xe = 1309.48 with 11 d.f.* |
I [ X2 = 16446 with 11 df NS |

. Sources lnduana 1973 ISP StatISlICS IRPS—Phases | thru V on- s»te accudents
NS Not Slgnmcant )

-
rw

TASTANTAN
oo

05
0
.001

O T
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" Table 4-3

Comparison of Motorcycle Accldents and other Motor Vehlcle
Accidents by Day of Week ' - S R

1973 Indiana - 1973 Indiana Phases ! thru V

e Accidents Accidents - On-Site Accidents
Day R Involving Other ‘Involving - “Involving *.
of Week - Motor Vehicles Motorcycles Motorcycles -
no % oon % n %
Monday : 994 - 142 48 - 113 13 . 25.0
Tuesday . 554 132 501 116 6 15
Wednesday 565 135 524 121 5 96
Thursday 571 187 . 617 143 9 17.3 -
Friday 738 176 . 65 154 4 77
Saturday o7ne 72 88 197 9 17.3.
Sunday 441 105 690 16.0 6 115
Total o 4182 100.0 4326 1000 52 - 1000
| | 22—8540wuh6df"'l N I
, T .72- 11919 W|th6df NS B

Sources Indiana—1973 ISP statistics; IRPS—Phases | thru V on-site accndents
NS—Not Slgmflcam .

* ps05
o p < 01
p2 001 , »

characteristic, motorcyclist age, is not represented propérly The IRPS sample is significantly

different from the ISP age distribution; itis underrepresemed with motorcychsts less than 20
-and overrepresented with older age groups. No mgmficant differences exist for any of the other

comparisons (accident configuration, month of accident, day of week, time of day, urban and

rural places, accident severity, road surface condmon light conditions, motorcycllst sex and

alcohol presence). .

4.2.3 Motorcycle Accident Causes

In order to analyze M/A causes, accident causative errors of motorcyclists (n = 54) and
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Table 4-4

Comparison of Motorcycle Accidents and other Motor Véhlcle
Accidents by Time of Day |

1973 Indiana 1973 Indiana  Phases | thru V
. ... . . Accidents Accidents On-Site Accidents
Time _ " Involving Other ‘ Invalving Involving
of Day : Motor Vehicles - Motorcycles Motorcycles
L n % ' n 7 ‘ %‘ n ‘ %
12200 AM. - : : _ : ¥ :
1259 AM. 89 S22 105 25 - -
100 AM. - - e
1:59 A.M. 5% 14 o 1r
200AM.- S
CO259AM. 60 15 5 - 12 -
BO0AM.: e - :
3:59 AM:, 45 11 3 8 - -
C400AM. - - - — - o
4:59 AM. L 6 14 B T
CBOOAM. - e
559 AM. . 36 9 18 4 1 19
600AM. = - - S ’ o :
6:59 AM. - - & 21 55 13 2 38
CTO0AM. - ‘ : o .
7:59 A.M. ©173 4.3 94 22 3 58
800AM. - - .- - o
8:59 AM. 187 46 61 14 2 38
900 AM. - e o
~ 959AM. - -~ .. 158 39 61 14 2 38
10:00 A.M. - L e L 1
10:59 A.M. 19 39 100 23 - 3 58
11:00 AM. - - .
11:59 AM. 216 53 196 .46 2 38
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o Table 4-4 continued

12:00 P.M. - I R
1259 P.M. 255 6.3 T L I YT

100PM.- .

159 P.M. 2080 51 211 64 5 95
200 P.M. - IR B ,

250 P.M. - - 247 61 289 68 4 77
300PM - | B

I59PM. 405 - 100 - 399 94 - -5 - 9f
400PM.- - - - B
" 459 P.M. : 409 - 100 - 440 103 5 - .96 .
5:00 P.M. - - 4 - L

5:59 P.M. 21 - 79 39 - 94 3 .58
6:00 P.M. - ' . .

§:59 P.M. 218 5.4 329 77 3. . 58
7:00 P.M. - | ¥ I

7:59 P.M: . 178 44 291 6.8 4 77
8:00 P.M. - , . S

859PM. - - 168 4.1 266 - 62 2 38
9:00 P.M. - B ' e
. 9:59 P.M. 124- 30 - 181 42 - 1 19
10:00 P.M. - , S . S
10:59 P.M. - 13 32 76 41 - 1 - 19
11:.00P.M. - . ) e
1159PM. 7 29 15 - 29 - 2 38
Total - 4070 100.0 4265 1000 52 - 1000
| ' | ?2-273 01 with 23 d.f.*** |

S R2 = 23.353 with 23 d.1. NS |

Sources Indlana—1973 ISP statistics; IHPS—Phases I thru V on-site accidents

NS—Not Slgnlflcant

* pi‘ 05 ' ‘l
]| o - . ‘ :

** p<.001
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Table 4-5

Comparuson of Motorcycle Accidents and other. Motor Vehlcle
Accidents by Urban and Rural Places = . : e

1973 Indiana 1973 Indiana Phases | thru.V
S ,, Accidents Accidents - On-Site Accidents
Urban and Involving Other ~ Involving Involving
Rural Places ' Motor Vehicles " Motorcycles Motorcycles
. . n % n % V n % .
Rural ' 1476 3.3 1979 457 18 - 346
Urban 206 64T 2347 54.3 3 654
~Total | 4182 1000 826 1000 52 1000
o ! ~Re=0589 with 1d.4.*** | N
- 1 X?—2575wnh1dis |

Sources: Indlana—1973 ISP statistics: IRPS Phases I thru V on-site accidénts
NS—Not Significant

T pS0s
ww p 501
“*p =.001

other vehicle drivers (n = 37) involved in IRPS-investigated motorcycle accidents are described
and compared to expected causation rates as represented by the causal factor distributions of
all drivers in the IRPS on-site sample.
Table 4-12 presents the dxstnbuuon of accrdent-causmg errors of motorcyclists. 44.4% of
" the 54 motorcychsts were in some way culpable (see row labeled “Human Factors”). 7.4%
made recognition errors, '33.3%-decision errors, 9.3%- performance errors, 9. 3%—affected by
some psychologxcal/ physmloglcal condition or state, 27.8% were affectéd by some
environmental hazard and 1.9% had vehicle malfunctions. Of the four motorcyclists who made
recognition errors, one was inattentive to traffic stopped or slowing ahead, one was inattentive
to the position of his motorcycle on the road, one was inattentive to road features (such ason-
coming curves, lane ‘narrowings, etc.),l and one was inattentive to road signs and signals
providing driver information. Of the eighteen motorcyclists who made decision errors: 1)
66.7% were drrvmg too fast; 2) 27.8% falsely assumed the other driver would stop or yield; 3)
27.8% improperly maneuvered their motorcycles by turning from the wrong lane, driving in
_the wrong direction of travel, passing at an improper location or driving too close to the center
line or edge of road; 4) 22.2% were inadequately defensive by not adjusting their speed
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Table 4-6

‘Comparison of Motorcycle Acmdenls and oiher Motor Vehl..le
Accidents by Accident Severity - . L

1973 indiana 1973 Indiana . Phases | thru V

. o Accidents Accidents On-Site Accidents
Accident | . Involving Other Involving : Involving
Severity . Motor Vehicles . Motorcycles Motorcycles
. n % n % n Y%
Fatal - . 5 101 23 2 38
Non Fatal Injury 937 24, 3282 759 40 769
PD Only CRWB T 943 218 10 192
Total - ‘ 4181. 1000 4326 1000 - - 52 100.0
- [ " X = 2601.95 with 2 d.f.*** [ :
I B _ Xe=705with2di NS = |

Sources: Indiana—1973 ISP statistics; IRPS—Phases | thru V on -site accmems
NS—Not Significant

appropriately; 5) 11.1% did not take proper evasive action; 6) 5.6%failed to signal for turn, and
7) 5.6%lost control by accelerating too fast. Performance errors made by motorcychsts were (n
. =5): 1) made errors of overcompensation (40%) 2) allowed the motorcycle to go off the right
edge of the road (40%), and 3) allowed the motorcycle to enter the opposmg lane of travel
-(20%). Physiological/ psychological conditions or states whxch adversely affected
motorcyclists (n = 5) were: 1) vehicle unfamlhamy (40%):2) dnvermexpenence (20%) 3)road
area unfamlhanty (20%); 4) reduced vision (20%), and 5) “in-hurry” (209%). Accident causative
, envnronmental hazards confronted by motorcyclists (n = 15) were: 1) view obstructions
(40%)——Notc three were hillcrest, sags, etc.; one roadside embankment one roadside
- structure/growth and one parked vehicle; 2) slick roads (33. 3%) Note: threc because of gravel
and/or sand on pavement and two because of wet roads; 3) specnal hazards (26.7%) Note: three
- non-contact vehicles, one object on road; 4) control hindrances (13.3%) Note: one drop-off at
pavement edge and one control hmdrance-othcr 5) design problems (13.3%) Note: one road
overly narrow and thstmg and one design problem-other; and 6) one vision limitation caused
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Table 4-7

- Comparison of Motorcycle Accidents and other Motor Vehlcle
Accidents by Road Surface Condition . : SO

1973 Indiana 1973 Indiana Phases | thru V
o Accidents - Accidents On-Site Accidents
Road Surface Involving Other * lnvolving Involving . .
Condition .- ~ Motor Vehicles “Motorcycles Motorcycles -
‘ » on % n % n %
Dry: 7 ~ 2718 68.5 3918 934 48 923
Wet : - 955 241 258 61 4 77
J Snowy/lcy - 284 S 6 - -
Other .10 3 15 . 4 - .
cTotal . . 39 1000 - 4197 . 100.0 52 100.0
o 1  X2=879.21 with 3d.f.**
- ' I Xe=48with3df.(Ns) |

Sources: Indiana—1973 ISP statistics; IRPS—Phases | thru V on-site accidents
NS—Not Significant

* p<.05
(3] p < 01 ‘
o p < 001 .

" by darkness (6.7%). Motorcycle degradahons causcd one accndent thxs was because of
inadequate tread depth. .

"70.3% of the 37 other vehicle (O/V) drivers involved in M/As were culpable in some
~manner (see Table 4-12 for summary of other motor vehicle driver causative factors). 51.4% .
» made recognition errors, 21.6%-decision errors, 5.4%-performance errors, 2.7%-affected by
.some physiological/psychological condition or state, 18.9%-affected by some envirorimental

hazard and 2.7% had a vehicle malfunction. Recognition errors of O/ V drivers (n = 19) were: 1)
inattention to other traffic, improper lookout or other delays in perception when entering a
travel lane from an-intersecting street or alley (63.2%); 2) internal distractions (15.8%) Note:
two were because of conversation and one was because of a'loud noise in the car; 3) improper
lookout prior to changing lanes and improper lookout-other (10.5%);4) failure to obsérve and
stop for stop sign-(5.3%); 5) inattention to traffic stopped or slowing ahead (5.3%); 6)
externally distracted by other traffic (5.3%); 7)- other delays in perception (5.3%); and 8)
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Table 4-8

Comparlson of Motorcycle Accidents and other Motor Vehncle
Accidents by Light Conditions - T e e

- 1973 Indiana 1973 Indiana Phases | thru V
L : Accidents’ Accidents On-Site Accidents
Light ... = , Involving Other Involving . Involving -
Conditions “ Motor Vehicles  Motorcycles Motorcycles . -
_ n % n ' - % n’ - %
Daylight 711 | 685 - 2052 70.6 41 789
Darkness - - 1053 | 266 - 1028 - 246 9 173
Dawn or Dusk 1% . 49 . 200 - 48 2 . .38
Total 3358 1000 4180 1000 52 1000
' T [ Xe-4s0with2df (NS) L
R | X2 = 1.72-with 2 d.f. (NS) ]

Sources indiana—1973 ISP, statlstlcs JRPS—| Phases | thru V on- sﬁe accidents
NS Not Significant

* pg.05

" <01

“**p-<.001 ‘

delayed corhprehension (5.3%). Decision errors of O/ V drivers involved in M/ As (n =8) were:
. 1) improper maneuver — turned from the wrong lane (37.5%); 2) false assumption — assumed
no traffic was coming (25%); 3) misjudgment of distance (12.5%); 4) improper driving

technique — other (12.5%); and 5) driver could have accelerated out of danger but did- not

(12.5%). 0,V driver. performance errors (n = 2) were: 1) panic or freezing.(50%), and 2)

performance — other (509). Other driver physiological/ psychological conditions and states

caused one M/ A. In this instance, the driver was both emotionally upset and alcohol impaired.
- Environmental hazards which affected O/V drivers involved in M/As (n = 7) were: 1) view

obstructions (85.7%) Note: three were due to parked traffic; one to. hlllcrests sags, one to
. roadside embankments, and one to roadside structures or growth and 2)a non-contact vehicle
- (14.3%). One O/V driver had a problem with his vehlcle his v1snon was obstructed due to

.water/condensation on windows. : : ‘ e

When accident-causative errors of motorcychsts are compared with errors of all acmdcnt-

mvolved drivers; motorcyclists are shown to be significantly less prone to recognition errors (p
=.001), are generally less culpable (human factors, p =.064) and have fewer accident causatlve
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Table 4-9

Comparison of Accident Involved Motorcychsts and other Motor
Vehicle Drlvers by Age of Drlver ' . o

- 1973 Indiana 1973 Indiana Phases | thru V
‘ R ‘ Accident- - Accident- On-Site Accident-
Ageof . - . Involved Involved o nvolved
Driver: - . Drivers . : Motorcyclists Motorcyclists
n.. % n % n %
Less than20 702 20.0 156 373 9 17.0-
2024 660 188 1341 1328 20 . 317
25-4 , " 760 217 853 208 19 - 358
3544 : 456 180 - 245 62 2 3.8
4554 M 126 7 22 2 38
55-64 299 85 .2 5 1 1.9
Over 64 187 53 5 R -
Total 3506 1000 4093 100.0 5 1000
| N 5(‘2 = 120213 with 6 d.f.*** )
o [ X2 = 15.202 with 6 d.1.* ]

Sources Indiana—1973 ISP stanstlcs IRPS—Phases | thru V on-site accidents
NS—Not Slgnlficant

*p< .05

™ ps01

***p <.001

vehicle malfunctions (p =_‘.085). Test results of differences in causation frequencies for human
factors, recognition  errors,. decision errors, performance errors, conditions and states,
environmental factors and vehicle factors are presented in Table 4-12.

Other drivers involved in M/As when compared to all accident-involved drivers are shown
to be significantly more prone to- recogmtlon errors (p = .016); make sngnmcamly fewer
decision errors (p = .044); are generally more culpable (p = .075) and are less affected by
physiological/psychological conditions or states (p = .099). Test results of differences in
causation frequencies for human factors, recognition errors, decision errors, performance
errors, conditions and states, environmental factors and vehicle factors are presentedin Table
4-12. : :
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Table 4-10

Comparison of Accident-Invoived. Motorcycllsts and other Motor
Vehicle Drivers by Sex of Driver T SR :

1973 Indiana 1973 Indiana Phases | thru ¥V
R Accident- - Accident- On-Site Accident-
Sex Involved - Involved Involved
of Driver - Drivers - . Matorcyclists Motorcyclists .
‘ n % noo. (% n Y%
Male ‘ 2665 702 4055 :96.4 54 . -100.0:
Female: 1129 .29.8 1153 36 ,
Total 3794 100.0 ) ,4208> 1100.0 54 100.0-
T X2 = 1009.90 with 1 d.f.** | I

%2=2017with1dt. NS - |

Sources: Indiana—1973 ISP statlsucs IRPS— Phases I thru V on- -site accidents
NS—Not Significant
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Table 4-11

Comparlson of Accndent-lnvolved Motorcycllsts and other Motor
Vehacle Drlvers by Alcohol Involvement _

1973 Indiana 1973 Indiana Phases | thri v

L » Accident- Accident- On-Site Accident-
Alcoho! o Involved Involved . Involved o
Involvement. - Drivers - - Motorcyclists - - Motorcyclists -
' o % % noo. %
Not Drinking " .- 2669. 922 223 913 45 957
Drinking - - . 26 . 78~ 306 87 2 43
Total 2895 1000 3529 - 1000 = 47 1100.0
1 Xe= 145 with 1dt. NS | I
N ' 1 - X2-1169wnh1diS ]

Sources; Indiana—1973 ISP statistics;:IRPS— Phases | thru V on -site accndents
. NS—Not Slgnmcant
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Table 4-12

Comparlson of Motorcycllsls and Other Drivers Involved in
Motorcycle Accidents With all Accldent Involved Drivers by Type
of Culpabllity (Causal or S/I, Certain, or Probable Levels of
Significance and Certainty)

e - All IRPS ,
Accident - ‘ Other On-Site Accident-
Cause - - = Molorcycllsts - Vehicle Drivers Involved Drivers
‘ n % Z-Test n % Z-Test n %
Human 2*=-1.85 _ =178
Factors - 24 44.4 p=064. . 26 703 p=.075- - 2126. . 56.9
Recognition . .2=676 .. . 2=2.410 . T
-Errors .~ 4 7.4 . p=001. 19. 514 . p=016 1182 316
Decision ‘ ' - Z=-29 | S Z=2010 '
“Errors o 18 333 © p=764" = 8 - 216 p=.044 1314 35.2
Performance  Z=1082 =08t
Errors - 5 93 p=.289 2 54 p=.936 191 . 51
~ Conditions ‘ 2=1557 : Z=-1.651 _
"~ orStates 5 9.3 p=.575 1. 27  p=.099 266 - 71
Environmental +Z=.394 Z=-1.010 :
. Factors 15 27.8 p=.697 7 18.9 p=.312 949 254
Venicle 2=-1.723 Z=-901
Factors 1 19 . . p=.085 1 27 p=.368 180 5.1
Total 54 37 |

WU

'Example Z=(44.4-56.9)/ / (.44) (.556)/54; p is a two- talled probabmty
. Source Phases I, W, IV & V on-site accndents
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5.0 Genersal Discussion

5.1 Introduction

~ The present section was written followmg completion of all of the substantive sections, to
provided a human factors-oriented synthesis of information drawn from each of them. The
perspectxve is necessarily that of the author.! :

In the present study, efforts were expended in two principal directions: the development of
a methodology to assess accident causes; and measurement of the relative frequencies of
various accident causes — as defined within the framework of the methodology developed.
Since (1) the process of attributing accident causes relied heavily on human judgements (of the
accident investigators) and (2) the emerging frequencies of causes revealed the significant role
that human (driver) behaviors play in accident causation, it was considered of value to attempt
to synthesize the results of the various analyses directed at evaluatmg the research
methodology and the role of the driver in accident causation.

Previous analytical and empirical studies of traffic accident causation have tended to define
an accident cause as either an end event, behavior, or situation in a sequence of cause and effect
relationships beyond which the accident became imminent (e.g., Perchonok, 1972) (1); or as
any descriptor shown to be overinvolved in either an accident population, an accident site, or
an accident-producing circumstance relative to a nonaccident population, site, or
circumstance (A.D. Little, 1970) (2). The advantages and the shortcomings of the two
approaches have been discussed elsewhere (Haight, Joksch, O'Day, and Waller, 1976) (3), but
in general, the first one’s major shortcoming is that it does not provide an accurate
representation of the involvement of different accident causes relative to the frequencies of the
behaviors themselves, whereas the major shortcoming of the latter approach is that it falls
. short of providing a theoretical explanation for any “accident causes,” and may be susceptible
_to conclusions based on spurious relationships. :

This study attempted to combine to some extérit the two approaches. For the most part,
a set of accident causes, or a hierarchy of accident causes, was developed independently
of any empirical data, and then the relative occurrences of various accident causes in an
accident-involved population were determined. Data obtained on this accident population
*were.supplemented by normative data from the general driving population, and compari-
sons between the two populations were made along various dimensions in order to provide
some indices of over-involvement. Unfortunately, these indices were limited to variables
such as age, sex, etc., ' which cannot be described as causes in the cause-and-effect sense of
the word.

The discussion below will attempt to synthesize the results pertaining to three major areas:
an evaluation of the methodology for attributicn of accident causes; the involvement of human

"V The primary author of this discussion was David Shinar, Ph.D., a human factors psychologist.
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. factors in accident causation; and 1mpl1catlons of the results for future research and safety
programs.

5.2 Methodology Evaluation
3.2.1 Converging Operations

In the ‘development of both an accident causation hierarchy and a causal assessment
methodology, it is critical that the processes involved in the latter be robust and valid in order
10 be able to evaluate the: former. Validity as used in this particular section refers only to the
methodology, mdependently of the validity of the accndent causes as true descnptors of reasons
for accidents. Thus, this is an evaluation of the methodology per se. '

One of the critical reflections of a valid model or methodology, is that it yields internally
consistent results with different converging operations (converging operatrons are various
experimental and statistical manipulations of the data). On the other hand, if the model —in
this case, the accident causation hierarchy — is either methodology-bound or statistical
manipulation-bound, then different patterns of data would emerge from different assessment
methodologies and different statistical treatments, and thus, the results would be said to be
interpretable only within a specific rigid methodology and/ or statxsttcal treatment ThJS would

obviously weaken the generalizability of the results. .
‘ In'the present study, much of the efforts were directed to prowdrng converging operations
that would test similar relationships so that any assessment of accident causatlon would
hopefully be based on more than one statistical analysis. To some extent ‘comnverging
operations were also applied to the evaluation of the hierarchy and the assessment
methodology. The prime example is the comparison of frequencies of accident causes between
on-site data and in-depth data. The two levels consist of different approaches to accident
: nnalysrs (mostly because the m-depth investigation is delayed and consists of a much more
formalized and detailed mvestlgauon of each of the driver-vehicle-environment
‘ components) Thus, differences between the on-site investigations and the in-depth
" investigations would indicate that the results obtained with either one alone are either not
stable, or when the difference can be attributed to the increased accuracy of the in- depth
team, the results would be said to be methodology- bound so that they can be obtamed at
only with that type and level of accident investigation. On the other hand, results obtamed at
both levels ofmvestlganon provide some construct validity for both the model and the data
Converging operations designed to test the theoretical basis of some of the accident cause
patterns were provided by special studies, such as those involved in assessing personalny
profiles that might be associated with increased involvement in accidents, and the involvement
of specific driver charactensncs such as vision and knowledge in accident causation. Finally,
~ various parametric and nonparametric analyses, resting on different assumpuons were
applied to the same data base. Thuis, many of the results and conclusions are based on two or
- more of the l'ollowmg statistical procedurés: regression analysrs (analysls of vanance,
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‘correlations, regressions); cluster analysrs Chi-square analysis; factor analysrs, and an
automatic interaction detector program.

5.2.2 The Causation Hierarchy

The human factors part of the accident causatlon hierarchy is patterned. aftera stage model
.'of human information processmg consisting of at least three additive stages involving
recognmon, decrsron and response (e.g., Smith, 1968; Sternberg, 1969) 4, 5). While various
experrmental techmques have been developed to probe the vanables affectmg each one of these
_.stages, the consensus is that an overt response must of necessity reflect the involvement of all
three. Thus, post hoc interviewing could not be’ viewed as a valid- method for assessing ‘an

~ information’ progcessing failure spec1ﬁc to any of the component processes Therefore in
' locahzmg a driver error as a rccognmon eITOT Versus decxsron error, the reference Is to a
" function rather than a stage. ,_
The evaluation of the human factors accident causation hierarchy is in terms of two o
prmapal aspects [0)] 1ts apphcabrhty to accident investigation, and (2) its mtemal consistency.

‘ ‘The last implication is closely tied into the pracucalny of the definitions assoc1ated w1th each
one of the accident causes, since either overly specific defmmons or, msufflcxently detalled
definitions would yield low inter-investigator reliabilities.

The applicability of the causation hrerarchy was evaluated by subjectmg both the m-depth
“and on-site accident causation results to cluster analysrs It should first be noted that
, compansons between the on-site cluster analysis and the in-depth cluster analysis yielded very

similar patterns Based on these analyses, the prlmary clusters of accident causes consisted of
the following groups of drivers: drivers judged not to be at fault; drivers committing

' recognition errors; drivers committing decision errors; and drivers impaired by physical or

mental conditions. In addition to the great srmuamy between the in-depth and on-site levels,

these patterns of errors fit nicely within the conceptual human information processing model.

Thus, these clusters manifest a tendency on the'part of the mvestrgators to pinpoint the crmcal

error to a specific human information processing function. Had this not been the case, these

. groups would not have separated so nicely into the various component processes. While the

_ separation of functlons by the accident mvesngators is somewhat ‘artificial (since there is
N overlappmg among processes, and in a post hoc interview it is almost 1mpossrble to pinpoint

" the localization of the error in the sequence), it is useful to conceptuahze driver errors in this
fashion, and apparemly, both on-site teams and m-depth teamswere able to doso. Thus, at the

" very least, these patterns of results indicate both consrstency across the two levels as well as
appropriate apphcatrons of the accident causation model to attnbutmg accident causes.

" The consnstency of the causation assessment methodology was assessed both by making

m_wrthm—case comparisoris between the on-site and the in-depth teams, and by measuring the

" interjudge rehabrhtxes between the different in-depth investigators. In general, the

“com parisons indicated both that the causal hierarchy, along with its sét of definitions, is quite
adeqhate as a set of descriptors of accident cqhses, and that the causal assessment methodology
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is sufficiently formalized to yield similar judgments across different people. To evaluate the
hierarchy and its definitions, the frequency at which causes were misidentified by one of the
two teams reiative to the other was evaluated. Correlations between the on-site and in-depth
conclusions were quite high (using any one of three measures of relationships: contingency
coefficient; Cramer’s V; uncertainty coefﬁcnent) and indicated that, at the most conservative
level (for data corrected of coding errors on the fifty most frequent causes) misidentifications
accounted for approximately 20% of the variance (1-R2). The correlations between the in-
depth and on-site, in specific categones ranged from 1.0 for human conditions and states to .81
for human direct causes. These results indicate that in general, once a cause is identified, the
hierarchy as defined is sufficiently detailed to allow different investigators to correctly identify
the cause by using the proper label. This data is Very supportive of the causal hierarchy as a
workable set of accident cause definitions, though one should be aware that it does not address
the issue of whether or not this group of “causes” is either exhaustive or true.

Comparisons between the on-site and in-depth results also’ allowed anevaluation of the two
levels of accident investigation in terms of their ability to detect various accident causes. This
was revealed by evaluating the rates of omission errors on the part of the on-site investigators
(i.e., the number of times an accident cause was identified by the in-depth team but not
identified by the on-site team). This type of evaluation does not reflect so much on the causal
hierarchy and its definitions, as on the ability of on-site investigators to detect accident causes
as they are defined by the causal hierarchy. In general, on-site investigators tended to omit (or
miss) certain causes rather than to commit (or falsely identify) them. Of the fifty most frequent
accident causes, 35% of the times a cause was identified by the in-depth team it was missed by
the on-site team. A signal detection analysis indicated that of the fifty most frequent causes,
those most likely to be missed are: the vehicular causes designated “inflation problems with
tires” and “communication system failures;” the human direct causes labeled as “delayed
recognition due to internal distraction,” “improper maneuver,” “improper driving technique,”
and “inadequately defensive driving”; decision errors involving inadequate signalling,
improper evasive action and other errors; all causes labeled under performance errors (ex-
cluding inadequate directional control); environmental causes labeled “highway related
design problems,” and ambience-related problems (excluding those in which special/ transient
hazards were involved). These results can be used as a strong argument for the need for
accident investigations at the in-depth level, at least as far as the detection of these factors.
Furthermore, if an in-depth level of accident investigation were to be totally dropped from an
accident investigation effort, a primary source of quality control of the on-site performance
would be lost. In the present research, gross errors and inadequacies on the part of the on-site
investigators were often detected in the process of evaluating cases in-depth, and whenever
appropriate, or relevant for future investigations, information was fed back to the on-site
team. Thus, it is likely that a continuous on-site investigation operating as the highest level of
an accident investigation effort could detenorate gradually, without anyone being able to
detect this deterioration.

” 463
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s. 2 3 The Clinical Assessment Merhod

‘The most formalized aspect of the accxdent mvesuganon process in this study was that of
the in-depth level. The formalization was carried out from the initial form that was filled out
for each accident through the process of presenting and evaluating the data, and to the accident
cause description. While it was in no way possible to evaluate the validity of this process for
detecting and correctly identifying accident causes, various analyses were conducted to
examine the internal consistency of this methodology. The results, in general, indicated that
the methodology was fairly free of large individual differences and area-of-expertise biases that
could have been expected from the different investigators. The evaluation, however, did reveal
'some differences in the use of verbal labels of confidence (possible, probable, and certain levels
of éssuredne‘ss) among the various causal factor areas, The average subjective probability for
certain judgments was 1.0 for human conditions and states and .92 for human direct causes. On
the other hand, the average subjective probability for a probable cause was .61 for human
conditions and states and .74 for human direct causes. This indicates that some biases existed
for the group as a whole (smce individual differences were small) in evaluating various
categories of accident causes. One of the recommendations stemming from this analysis is to
use only numerical subjective probabﬂlty ratings, in the hope that these biases will then be
minimized. The implication of the present results, however, is that a probable level of
assuredness for human direct causes may not quite corréspond to a probable level of
~assuredness for human conditions and states. Nonetheless, the differences were relatively
small, and the overlap (across all causes) between the categories was not too large.

'One bias that may have been shared by both the on-site and the in-depth investigators is the
tendency to overestimate the human role in accident causation. The potential for such a bias
exists since all accident causes were defined as conditions or performance below the currently
existing norms. Whereas such riorms are relatively easy to define for vehicle condition and
almost as easy to define for the roadway environment, they are much more difficult to assess
for the human operator. In this study, the definition of the “normal” driver was that of an alert
driver exercising the “expected” defensive driving techniques. This obviously leaves much

_raomfor variation in expectations of the driver. Furthermore, while it is reasonable to expect
that a driver should be alert and defensive in general, it is unreasonable to expect any driver to
be able to remain alert and defensive continuously while driving. The normal driver is not

- capable of maintaining peak alertness continuously over long periods of time. Even under
conditions of maximum motivation and relatively few distractions, alertness deteriorates
rapidly within the course of one hour (c.f. vigilance studies). Thus, it is possible that probability
estimates for human causes reflect a much higher expectation of the driver than is practlcally
reasonable.

5.3 Humsan Factors in' Acc!dem Causanion ‘

The methodology develo pr;-d. in this study and the various statistical analyses used to assess
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! the results yielded information in-three different areas: the relative frequencies of various
accident causes in the total highway traffic accident picture; some indications as to specific
* chains of events and interactions of variables that lead up to an accident; and information
concermng the specific characteristics of drivers that are llkely to be overmvolved in accrdents
! or to commit specific accident-causing’ behaviors. :
Prior to the discussion of these results, it is important to- stress that this study (at least the

- causal tabulation aspect) was concerned with the identification of accident-causes — as

‘defined by a sequence of cause-and-effect relationships that. ultimately made the accident
. inevitable — rather than with a preconceived set of countermeasures that, had they been
applied, would have prevented the accident. Thus, while the results may be said to adequately
-describe the various errors and deficiencies that cause accidents, they impart no immediate
-information concerning the effects of various potential countermeasures. Furthermore, the
transition between “cause” as defined in this study and-potential countermeasures is not a
simple one. In the particular domain of human accident causes, very often the most effective:
countermeasure may be not in improving the driver, but rather in improving the vehicle or the
..environment, since it may be much easier to improve and standardize these two than to
improve and standardize the driver according to some ‘preconceived expectations. To
. illustrate, very often delayed Tecognition is assessed as an accident cause when, in fact, given
-the very-small probability of the emergency situation, delayed recognition, some of the time, is
the norm under which most drivers operate. Thus, an average braking reaction time of 0.24
- seconds under -optimal conditions may increase to 1.65 seconds under less than optimal
: conditions (Matson, Smith, and Hurd, 1955) (6). As drivers, we operate in biological time,
~ which may fall far short of the physrcal time requirements for.emergency situations. In such
c1rcumstances ‘only an: env1ronmental or veh1cular modlficatmn can prevent an accident.

'.531DriverErrors o : o ‘

Driver errors were classxfled as belongmg to either recogmtlon delays or fallures decision
errors performance errors, or critical nonpcrformance In total, driver errors accounted fora
greater percent of the accidents than did both environmental and vehicular causes combined.
Both on-site and m-depth analyses indicated that human errors were involved at the probable
level in more than 90% of the accidénts, but were the sole cause of accidents in only 57% of the
cases (based on probable cause data). Sincethe m-depth mvesugatxons were judged to be more
“accurate, and at this level of analysm were based ona sufﬁc1ently large sample of cases, only in-
" depth data will be used for the present discussion. ‘

The mosf common of the human errors were recognitionand decision errors, each lnvolved
in over 509 of the accidents at the probable level (or 419 and 29% of the accidents respectively
-at the certain level). The most common errors within those categones —each involved in more
“ than 10% of the acc1dents at the 'probable level ' were improper ‘lookout, excessive speed,
‘inattention, and improper evasive action. Improper lookéut and inattention can both be taken
to reflect a consequence of redueed alertness since, in the cases where improper lockouts were
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committed, as often as not the driver reported looking in the direction of the other vehicle but
failing to “see” it. Also, in light.of the finding that in over 60% of the cases where improper
. lookout was cited the driver's view was not obstrucied, it is unlikely that improper lookout is
caused or severely aggravated by view obstructions. There remains the question of what causes
this reduced level of alertness and how it can be compensated for. The focused examination of

the inattention errors failed .o reveal any precipitating human condition or state in over 70% of

the cases, thus providing no lcads as to the causes of these reduced alertness manifestations. It
.is possible that these improper lookout and inattention errors are due to the simultaneous
. occurrence of reduced alertness and an increase in the inherent requirements of the driving
-task, both of which vary independently. - :

Improper lookout and inattention can perhaps be best understood w1thm the framework of

the “schema” theories of perception (e.g., Bartlett, 1932; Posner, 1969) (7, 8). According to
-these theories, recognition involves a process in which incoming visual information is com-
.pared against a memorial representation consisting of a basic prototype of which the incom-
ing information is some transformation. Thus, the visual image of the same intersection.from

_different points in the driver’s path projects different images, all of whichare transformations
of the same prototype—i.e., the configuration of the basic elements making up that inter-
section. Since the schema—unlike a photograph—is not a complete representation, whenever
attention is reduced the likelihood of overlooking (or of late detection of) a discrepancy
increases. Improper lookout is typically in reference to missing an oncoming vehicle, an.object
that is not contained in the schema. In a highly automated driving task, such as visual scanning
at an intersection, there is the possibility that a low degree of consciousness associated with the
task may: result in overlooking or delayed recognition: of critical discrepancies between the
schema and incoming information. If this in fact is the case, it may be important to know what
is the driver’s schema in such situations. This would then enable the manipulation of
environmental cues so that they would be more conspicuous whenever they do not correspond

 to that schema. The benefit cf conceptualizing the problem in terms of schema is that there are
accepted experimental methods for the study of schemae and their relatlonshrps to various
transformations.

The basic concept here is somewhat similar to expectancy. Whenever the events in the
environment do not correspond to the driver's expectancy, they should be more conspicuous
and be. presented earlier in time, so that their incongruity with the schema will trigger an
appropnate response. Knowledge of the driver’s schema would in essence provide knowledge
about his expectancies. One ongoing research program that is relevant ‘to these factors is
NHTSA's pro;ect on a driving simulator (Dr. Albert Burg, Prmcrpal Investigator).

One perhaps somewhat artificial distinction between improper lookout and inattention is
the context in which each occurs. Improper lookout typically occurs at intersections, whereas
inattention is typxcally cited on a straight road. Whrle it is probable that drivers have different
schemae for straight roads and intersections, the actual distinctions that govern their visual

‘ momtormg behavnors are not very well known.
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" The second and fourth rankmg dnver errors are. excesswe speed and 1mproper evasxve
action, both class1ﬁed as decision errors. There isa marked difference, however, ‘between
the two types of decision errors, in that excessive speed is a decision undertaken by the driv-
er consciously or unconsc1ously before he enters the accident s1tuat1on whereas 1mproper_
revasive action is a decision undertaken under temporal stress when the threat of an acci-
«dent already exists, Thus, excess1ve speed may be more reflectlve ofa personahty style that
.includes risk-taking or of social maladjustment factors whereas 1mproper evasive action
iprobably reflects a lower level of skill and/or a poor.information processing capablhty (in
sterms of respondmg quickly to emergmg situations). Since the two errors reflect different
junderlying cognitive and personality processes, remediation programs would have to dlffer
ffor these two. Improper evasive action may be s1tuat1on—specrﬁc and may requrre better
'training for emergency situations or vehicle modlﬁcauon such as ann—lock devices for the
- ,brakes, whereas eXcessive speed may be a pervasrve behavior that, short of ‘an attitude
.,change or behavior modlﬁcanon of the dr1ver may be very dlfflCult to change e
" The fifth-ranking-human error was: mternal dlstracuon classu'led asa recognmon €rror.
Imernal distractions, perhaps more than any other error exempllfy the dmded attentlon
limitations of the human operator in general and the drlver in pamcular This hmxtauon is not
_vision-dependent since the predominant type of dlstractlon was conversation with a passenger,
not necessanly requiring a shift in visual search behavror While most drrvers are able to divide
‘their attention appropriately, reducing thelr attention toward extraneous sources (such as
passengers) as they enter high-density and high-speed situations (such as in- entering freeways),
when the danger source is unexpected, the drivér.is likely to be caught off-guard tallcmg toa
passenger, with a reduced level of attentlon toward new events on the road. .
Performance errors were the least common of the human errors, suppo rting the notion that
the bulk of the dnvmg requirements are information processing-related, rather than‘ motoric.

5.3 2 Interacuons of Human Dxrect Causes With Other Factors

~ ‘Acommon characteristic of most accidents s that they result from multiple “causes” rather
than a single one. Thus, a direct human error may be associated with a predisposing condition
or state, or may be causal only as a result of its interaction with another environmental or
- vehicular cause. Knowledge of these mteractlons ~may be very useful m generatmg
countcrmeasures
One current view of the accident causauon cham-of—events (e.g., Fell, 1976) (9) holds that
the accident is only the end eventina series of events and beéhaviors leadmg up to it, in which
each behavior or event that results from a previous one can be seen to be the cause of the
‘succeedmg one. Thus, one would expect that each one of the direct human causes cited would
be preceded by a driver condition or state which would bejudged to be causal in the context of
the accident. Empmcally, however, this was not the case, -and for only 102 of the 720 drivers
involved in the in-depth accident sample was one or more human state or condition cited by the
in-depth accident investigation team (as a certain, probable, or possrble cause) One probable
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reason for lhls is that it becomes mcreasmgly dlfﬁcull to 1dent1fy causal factors the farther they
are umpnrally removed from the accident. ' ! o :
Of the mrmus c,ondmons and states included in the herarchy roadway unlamiliarity was
the most often nssouated wrth whether or not the driver committed an “error” (Volume 11,
bulmn 3.2). Speaifically, 1mproper lookout improper maneuvers,and - mhghtlrafﬁu only
— du,lsmn Crrors were Assoc1ated with relauvely low roadwag, familiarity. Since ditferent
roadw.lys may be aSSOCldted w1th dlfterent schemae, the more qmndardl?ed the roadway
environment the less will be the need for different schemae and the lower will bé the
information processmg load on the driver. This may be one of the underlying reasons for the
~greater safely associated wnh the relativelv uniform divided hlghway system. :
An. dll\.l nam; dppl’OﬂCl‘l used in this study was one in which the increased or decreased
‘mwlvement of the direct cause was studied as a function of the human condition or state which
Wwats Judged 10 be causal for that acc1dem The results (Volume I, Section 6.1) did in fact show
some mgmflcant relatlonshlps between selected conditions and states and- selected direct
human ca uses Whlle some of these relanonshlps were in accordance with expectations (such
" as an’incredse in errors coded as critical nonperformance when fatigue was causally-
1mpl1cated) some were rather unexpected. Thus, it was found that alcohol tends {o increase
"ot onl y the crmcal nonperformance but also the probability of driving at an excessive speed.
_ Alcohol was also associated with the reduced probability of having an accident as a result of
improper ‘lookout behavior. This last finding may be an artifact of the post hoc interviewing
methodology, since drivers aware of being intoxicated may be less likely to admit improper
‘lookout ‘Maintaining - ditectional control was found to be related not only to driving
~ éxperience in general . but also to spec1f1c experience with the accident vehicle: Thus, vehicle
unfamiliarity significantly mcreased thc probablhty of commlttmg an madcquatc directional
" control’ crror ‘ : . :
" T'he inferaction between alcohol and speed was also implied'in the results of the cluster
anaiysis (Volume II, Section 3.1), in which one of the clusters (Cluster F) was found to contain
cases with both alcohol involvement and decision errors.
Since the driver does not operate in a vacuum, butrather in the context of the highway and
. vehicular environment, it' was only natural to expect that many acmdcnts would have a
: combination of human factors and envuonmental and; or vehicular factors. The data revealed
- that at the probable level, in 29% of the accidents both human and environmental factors were
Cinvuived. The nature of these interactions was revealed by some of the specxfxc statistical
analyses. Pcrhaps the strongest .relatxonshlp :obtained was that between decision errors
. (speaiiically, false ,‘as‘sump‘tion_s),'?gnd‘ environmental factors (specifically, highway-related
» Tactors), which fell into the same cluster in' the cluster énalysis (Volume 1II, Section 3.1). It is
i :possible that in al} of. these cases (14 accxdents), the highway environment was suffxcxently
misleadung o ehcnt mapproprlate schemae in the driver'’s mind agamst ‘which incoming
information was compared. The. possnble role of the environment in creatmg an information
overioad was indicated by the overmvolvement of decision errors in the context of moderate or
high trafflc volumes (Volume Il Section 3.2)., ‘
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The lmportancc of proper hrghway design was also suggested by some of the interactions
between driver conditions and environmental factors, which revealed that ‘both vehicle
unfamiliarity and area unfamiliarity significantly increased the likelihood of an accident due to
an environmental factor. Specifically, area unfamiliarity increased the likelihood of an

ccrdent due to'zontrol hindrances by a factor of almost 6, and increased the likelihood of an
“accident due: to madequate srgns or signals by a factor of 5. Obviously, the unexpected
" hindrances and inadequate signs or signals provide problems for the schemae-matching
" process, and in an accrdent-producmg_envrronment where time is precious may eventually
cause an dccident. The obvious recommendation in such cases is'to standardize the design and
‘ placement of control signals and signs (as in fact has been recommended by the U.S. Dept. of
Transportation), and to remove control hindrances to the maximum extent possible (though it
'is realized that'some of these are transitory and cannot be totally eliminated).

The association between human factors and vehicular factors is much less clear. Human
and vehicular factors occurred jointly in only 9% of the accidents, and any specific
relatxonshrps could not be supported by any statistical analysrs

5.3.3 Individual Dtjferences in Accrdent Causanon

In attempung to understand why accndents happen one direction of research has been to
look for drstmgurshmg features that would isolate the accident- mvolved dnver from the’
nonaccident-involved drlver Various studles of an actuarial nature have indicated that in
general males have higher accident rates than females, very young and very old dnvers have
higher accident rates than middle-age drivers, etc. The purpose of the research here was to
,mvesugate individual drfferences in accident causation one step further, by attempung to
identify driver characteristics associated with more specific measures of accident 1nvolvcmenl
Specifically, analyses were conducted to define the driver who is overinvolved i in accrdents in

which he/she is considered culpable or at-fauit, in the sense ofcommlmng a*“humanerror. " At
yet a greater level of detail, several analyses were aimed at isolating driver charactenstrcs that
correlate with specific accrdent causes. This section will review the major flndmgs in this area.

Comparisons between the at-fault and not at-fault drivers revealed that males were slightly
- more at-fault than females, and for both groups younger drivers (less than 25 years old) and
* older drivers (over 64 years.old for males and over 45 years old for females) were more culpable

than drivers between these extremes, Analyses conducted separately for males and females,

with the effects of age parualled out, showed that culpable men had little road area familiarity

and were less familiar with their vehicles than would be expected for their age. The effect of
. driver experience was srgmﬂcant pnor to adjustment for age, but not significant after this

adjustment, indicating that the two vanables .are confounded with each other. In contrast,
" culpable women wete found to have little road area familiarity but less driving experience than

would be expected for their age. While these results may be of some value, they only goa short
~ way toward explaining the mechanisms involved in accident causation. Within the framework
. of the present study it is much more fruitful to examine the more dnver-related characteris-
tics that were found to be associated with culpability. i
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Comparisons among clusters revealed no significant diffcrences between the at-fault

drivers and not at-fault drivers in thexr knowledge of the dnvmg task as measured by the driver

- knowledge test, but did indicate some significant differences in vision and personality. Of all
the visual performance tests, dlfferences in the expected direction were revealed only on
dynamic visual acuity, which was poorer for the at-fault dr1vers than for the not at-fault
drivers. This finding implicates the role ofdynamlc visual acuity in safe driving even more than
the previous results, obtained by Burg (1964) (10) and Henderson and Burg (1974) (11), which
indicated a slight positivecorrelation between dynamic visual acuity and accident involvement
‘(frequency and rate of accidents). In terms of personality characteristics, based on the driver
profile analysis, the not-at-fault drivers were better adjusted socially but — surpnsmgly— had
poorer impulse control than the at-fault drivers.

Further attempts to identify particular accxdent causes thh particular personahty and
driver vision characteristics revealed that drivers for whom conditions and states were cited
had 'a significantly slower reaction time than other drivers. In addition, these drivers were
shown to have poorer personal adjustment based on the profile analysis. These two results
inidicated that conditions and states may impair the information processmg functionsina very
important way by slowing the driver’s reaction time (which is critical in case of an accident)
and may furthermore be symptomatic of more permanent. characteristics. Thus, it is possible
that many of the conditions and states are merely symptoms of deep-seated problems that, if

- they were to be removed, would be replaced by other behaviors that may be just as dangerous

~ todriving (e.g., speeding). This suggestion is supported by the finding (Volume II, Section 2.3)

" that at-fault drivers were significantly less adjusted as measured by both the social adjustment
scale and the personal adjustment scale, than the not-at-fault drivers. While as a group the
at-fault drivers were not significantly different from the not at-fault drivers in their alcohol/
*"drug use and in their prior record, those drivers cited for alcohol as a human’ condition and -
state had significantly poorer impulse control and a hxgher probablhty of a cohol/drug use
hlslory than the not-at-fault drivers.

Analyses of the recognition errors did notmdrcate an overwhelmmg support for the notion
that deficiencies in the basic visual skills underlie the' maJonty of recognmon problems Poor
performénce on the vision test was essentlally unrelated to recognmon errors though it did
appear to be related to whether or not the drlver was at-fault. These results suggest that
recogmuon errors can be interpreted more ds attentton failures than as as sensory deficiencies.?
Vision may play a role in very critical circumstances, espec1ally ‘when penpheral vision is
involved, as was indicated by the overinvolvement of people with deficient penpheral detection
capability in right- angle accidents. The driver personality profile analysis failed to reveal any
- personality characteristics that may bc related to recognition errors. On the other hand,

recognition errors were associated with slow reaction times — both simple and choice — again
_supporting the argument that crmcal delays in the information processmg functions are more
likely to lead to accidents whenever a presentatlon of the mformatnon is compressed in time.

3 This conclusion must be consndered tcntauve smoe the: ana]yses of the vision tests mdlcated low reliability for
many of the measures. ‘ ‘
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Drivers identified as making decxsxon errors had a mgmflcantly worse prior record than
not-at-fault drivers.

5.4 Implications for the Future Research and Safety Program

in the course of this research program, the analytical methodology was continuously
refined. Statistical analyses of the final “system” led to several conclusions. The first
concluslon is that, given the sufficiently detailed causal hierarchy, subjective judgments of
accident causes can be used with a relatively high degree of interjudge reliability, at least for the
causes defined in this study. Secondly, as defined in this study, it became apparent that human
factors are the most frequently observed category of accident causes; i.e., the overwhelming
majority of accidents are preceded by an inappropriate driver behavior (or the lack of an
_ appropriate driver behavior) but for which the accident would have been prevented. This
recurring data pattern, substantiated by the trend analysis, should not be interpreted to imply
that the improvement of the highway system depends on a driver improvement program, but
rather to imp‘ly that to err —as defined in this study — is human. Therefore, in many instances,
a buman error should be regarded as a parameter around which other components of the
highway system should be reevaluated. ‘

Che discussion below, concerning potential benefits of other various countermeasures, is
highly speculative. This is because whenever a countermeasure is suggested based on the
present data, there is an implicit assumption that, given the existence of that countermeasure,
everything else would remain the same. To illustrate, skidding on icy roads is a problem in
which both slick roads and excessive speed could be causal factors; a potential countermeasure
is the use of studded tires. There remains the question, then, of whether driver velocity would
’chdngc if the driver had studded tires — the assumption being that behavior (i.e., driving
speed) would remain the same. A case in point is a recent study that examined the interaction
between driver speed and the use of studded tires. It demonstrated that drivers with studded
tires drove -on icy roads at a higher velocity than drivers without studded tires but stili main-
tained-a greater safety margin than the drivers with nonstudded tires (12). Thus, perhaps the
most appropriate ‘perspective from which to evaluate the potential countermeasures is to
regard them as research hypotheses; i.e., 1deas which, based on the present data, might be
useful for further testing.

5. 4.1 Vehicle Countermeasures

[he high frequency of delayed recognition errors — due to either inattention or improper
lovkout. cun be wterpreted as warranting the installation of vehicular systems that would
reduce the lag in communicating the driver's response to the vehicle's action. In many ways,
vehicle Jesign considerations have attempted to reduce system lags by reducing steering wheel
freeplay and braking time. Further improvements have been tested by using braking systems
incorporating anti-lock and radar‘actuation devices. One potential improvement that should
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not be neglected is that of providing better communication systems among vehicles. Thus, the
potential benefits of a deceleration-sensitive rear light was dramatically demonstrated by
Voevodshy (1974) ¢13) with areduction ol rcarend accidents by close to 504, T'o the cxtent that
delayed recognition is due to initial poor distance judgment, a heads-up display that would
provide problem drivers with better information on intervehicular distance may also reduce
the frequency of this type of accident (Gantzer and Rockwell, 1968) (14).. ‘

I his study has also indicated the overinvolvement of speeding when alcohol was a causal -
factor. Since various alcohol ignition interlock devices have already been considered and
rejected for practical uses, a modified use of such devices would be to mechanically restrict
intoxicated drivers from exceeding certain speeds. This device would then compensate for the
slowed reaction time of an 1nl0x1cated driver by forcmg him/ her todrive at slowa than normal
speeds. ‘ »

J4.2 anzronmental Countermeasures

The ultimate purpose of the highway environment is to provide not only comfortable
driving, but also information that would be interpreted correctly by the driver. It is at those
instances when information in the environment is either totally missed or misinterpreted that
driver misjudgments are most likely to occur and accidents are most likely to result.-

Environmental causes — typically control hindrances and inadequate signs and signals —
occurred most often in combination with decision errors. It has been shown (c.f. Forbes, 1972)
(15) that the placement and nature of signs and signals are important factors ininfluencing the
time needed to detect and respond to them appropriately. Both delayed recognition and
misjudgment due to misinterpretation of information could be greatly reduced if all the
highway-related information were to be standardized in terms of its placement and its design.
The Department of Transportation “Manual on Uniform Traffic Control Devices™ goes a long
way lpward that goal. The existence, however, of control hindrarnces and inadequate signing
and signals indicates that problems remain. While it may be prohibitive in cost to correct these
problems on all the roads of America, the accident analysis procedures used in this study would
be very appropriate for identifying the accident causes and potential countermeasures at high
accident sites.

5.4.3 Driver Improvement

Perhaps the most immediate applications of this study’s results on the role of human
factors in accidents are in the areas of driver screening and improvement programs. This is be-
cause the identification of driver errors leads most directly to hypotheses concerning ways to
eliminate these errors. It should be borne in mind that driver change, however, is perhaps the
most difficult of all changes of .the highway environment. This can be exemplified by the
repeated, and not too successful, efforts to eliminate drunken driving. In this particular area,
neither educational efforts nor severe punishment (Lawrence, 1976) (16) have proven very
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effective. Nonetheless, the results obtained in this study do point the way to'some potential
driver 1mprovement programs. - o
A direct application of this study’s findings is to use the results 1o raise driver aware—
ness of the partlcular driver errors.that lead to accidents. It is highly probable that most
. drivers are not quite aware of the high incidence with which reduced attention —- - leading to
delaved recognition and an improper lookout ~—actually causes accidents. In this context,
since we know that it is 1mpossxble to maintain a continued high level of attention, driver
programs should identify the specific environments in which delayed reédgnition and"
improper lookouts occur. This type of information would help drivers allocate their
attentional capacities differentially as the driving environment changes. To illustrate, accident-
causing improper lookouts are most frequent in intersections where the relevant visual field is
much wider than it is on the continuous road. Similarly, educational programs that would
include knowledge . on the effects of various impairments (i.e., conditions and states) on spec1f1c
accident-causing behawora (direct human causes) would also be beneficial. The data here on
. the relationship between indirect human factors and direct human errors is rather small Tothe
_extent that the'same pattern of results is supported by further studies, however, it would be
bt,neflCld] for drivers to know that vehicle unfamiliarity i increases the likelihood of havmg an
'dcc1dem due to inadequate directional control, whereas area unfamlllaruy mcreases the
likelihood of having an accndent due to excessive speed.

Some of the findings concerning the relauonshlps between accident involvement and driver |
characteristics (age, sex, personality) have potentialimplications for licensing. Here, however,
cthical issues arise as to whether licenses should be refused or revoked from the driver on the -

-basis of some criterion that is.not based on actual driving behavior. Present practices base
“licensing considerations solely on driving performance and driving-related performance
(driving knowledge tests, visual acuity). The findings here indicate that accident involvement
may be related to some basic personallty characteristics (such as personal -and social
. maladjustment). These,in turn, probably influence the driving style that may be exhibited in
normal driving situations but not in the driving test. While it is unlikely that personality
measures would be used as criteria for llcensmg, it-is possible to view such measures as
“additional sources ‘of information that should be cormdered for repeated violutors and high
_accident drivers., These types of measures may then be used to separate drivers who may have
‘had a high frequency of acc1dents by “chance” from those whose accidents reflected a
personality style. ‘ o ‘

- 186 -



60 Summary, Conclusions and Recommendations

In this seciion, results are summarized and conclusions and recommendations presented
for both Volumes I and 11 of this Final Report. Causal result tabulations and analyses are
based on combi.red data from Phases II through-V, and in order to srmphfy the presentation,
Tesults from the in- depth team (Level C) are emphasrzed These tabulatiohs are based on 420
accidents investigated by the in-depth team, and 2,258 accidents investigated by the on-site

“teams, durmg Phases 11 through V.

6.1 Volume I: Causal Factor Tabulations and Assessments
'6.1.1 Section 3.0: Causal Result Tabuiations

1. 0verall and in each of the data collccuon phases, of the human, vehicular, and
- environmental factors which were assessed, those categorized as “human factors” were the
most frequently cited as accident causes, followed by environmental and vehicular factors,
respectively. Human factors were identified by the in-depth team as causes of between 70.7
and 92.6% of“the combined Phase 11, Il, IV and V accidents (definite and probable result
figures, respectively). Environmental factors were cited as causes of between 12.4 and 33.8%
of these accidents, while vehicular factors were identified as causes in 4.5% to 12.6% of the
accidents investigated. The on- -site/technician teams (Level B) reported similar results:
_human factors 64.3—90. 3%, environmental factors, 18.9—34.9%; and vehicular factors
- 4.1-9.1%.

2. Of the five major categories of human direct causes which were defined, recognition and
“-decision errors predominated. These categories were ranked as follows: (1) recognition
errors (in-depth team definite and: probable results of 41.4 and 56.0%, respectively); (2)
decision errors (28.6—52.1%); (3) performance errors (6.9—11.2%); (4) critical non-
‘performances (1.7—2.19%); and, (5) non-accident/intentional involvements (none
. identified). ' : -

3. Below the major categories of human direct causes mentioned in the preceding paragraph, a
_number of more specific human direct cause categories were defined. Among these, those
" most frequently cited as accident causes were: (1) improper lookopt' (17.6—23.1%); (2)
‘excessive speed (7.9—16.9%); (3) inattention (9.8—15.0%); (4) improper evasive action

- (4.8—13.3%); and (5) internal distraction (5.7—9.0%).

4. The leading environmental factors were: (1) view obstructions (3.8-—12.1%);(2) slick roads
(3.8—9.8%); (3) transient hazards (1.9—5.2%), (4) design problems (1.9—4. 8%), and (5)
control hindrances (1.2—3.8%).

5. Vehicular factors were categorized first in terms of the major vehicular systcms. According
to this breakdown, the most frequently implicated categories were: (1) braking systems
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' (2.9—sS. 2%) (2) tires and wheels (0.5—4.0%); (3) commumcatrons systems (O 2—1. 7%) (4)
steermg svstems. (0 2—1 0%), and (5) body and doors . 5—0 7%) ‘

. Assessments were also made for more specrﬁc kmds ofproblems wrthm each major system.

At this level, the most frequently rmplrcated vehicular causal factors were: (l) gross brake

failure (1.9—3.1%); (2)° madequate tread depth (0.2—2.6%); (3) srde-lo-srde brake im-

balance (1.0—1.9%); (4) undennﬂatron (0.0—1. 4%) and (5) vehrcle-related vision ob-
structions (0.2—1. 0%) :

. Based on both on-site and in-depth probable cause data from Phases Il through V,it was
found that-at about the seventh or eighth year of vehicle age, an overinvolvement in
accidents resulting from mechanical problems begins. The probabrlrty of an accident-
mvolved vehicle 8 years. of age or older being cited for a causative vehicular problem was

.more then 2 times greater than for accident-involved vehicles in general, '

. The most f requcntly rmphcated human condition or state was alcohol-rmparrmem which
the in-depth team assessed as a cause in 0.5—3.1% (definite — probable involvement) of
the combined Phase 1I-V accidents. Comparable results from the on-site téam, examin-
'mg a greater number of acéidents and with less potentral for bias-through non-coopera-
“tion of 1mpa1red drivers, were 2. 9—6. 1%. Note that accidents investigated represented
-all severities of pohce-reported accrdents and are consequently comprised in large
measure of either property damage or minor personal injury accidents (approximately
70% were property damage only). Results here should.therefore not be confused with'those
cited for only serious or fatal accidents; alcohol is often cited as being involved in 40 to 50%
of these serious accidents. Results for alcohol-impairment varied considerably from phase
to phase and as a function of whether accidents were selected from all hours of the day or
only from limited periods, and the reader is therefore cautioned to consult the text for
further clarrfrcatron : ‘ :

Recommendations
General

. The causal factor tabulations serve a “problem identification” function, for use in planning
future countermeasure activity. Inevitably, such “problems” must be viewed in the context
of the process through which they were identified, and the types of factors considered must
be tiken into.account. It certainly does not follow that because a factor has been classified
as, for example, a human factor, the most cost-effective solution will be one aimed at
changing driver behavior. Possibly, highway or vehicle design changes may provide a better
remedial measure. For example, although “inattention to traffic stopped or slowing ahedd”
has been tabulatéd as a frequently-involved human causal factor, it may well be that the
most cost-effective solution is either redesign of highways or signals to minimize “stop and
go” traffic situations (environmental measure), or the installation of radar-warmng braking
systems or improved brake lights (vehlcle measures). i
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2. Inthe same sense, indications of the relative involvement of, for-example,.human‘factors as
compared to vehicular factors, are informative and accurate only when the kinds of
" assessments which wére included and the process which produced them are understood.
Note, for example, that the “vehicular causal factors” assessed generally assumed the
_ current state-of-the-art; current original-equipment performance provided a baseline for
assessment. Consequently, vehicle results have few direct implications for such issues as the
desirability of vehicle handling standards. In much the same way, environmental design
factors were considered relative to existing standards; thus, the absence of a divided
highway and median strip would not be considered a potential causal factor, even thoughiit -
might have prevented an accident from occurring. Consequently, although human factors
were identified much more frequently than either vehicular or environmental factors, it is
_entirely possible that improvements-in either the vehicular or environmental areas could
prove more cost effective. than. correction or elimination of many of the human errors
_identified. It is-likely that @ mix of countermeasure efforts encompassing all three targets
(dnvcr vehicle, and environment) wxll often be needed.

3. In many apphcatlons, these: limitations (as described above) pose little problem. For
example, for a driver examiner conducting a driving test, the listing of causal factors
provides a suitable guide as to the kinds of behaviors the examiner should emphasize, as
well as the vehicularand environmental hazards he or she should stress. The examiner is not
so much interested in the range of safety countermeasures available, as in knowing the

- relative importance of different kinds of driving behavior, and the causal factor tabulations
should serve this purpose well. Similarly, vehicle factor tabulations are of use to inspection
"programs, mechanics, vehicle owners, aid others concerned with vehicle maintenance;
results serve to indicate the extent to which different defects, degradatlons maladjustments,
“and fallures are causally-unphcated in acc1dents -

. Human Factors

1. Maj or empbhasis should be placed on developing countermeasures to reduce the incidence
and consequences of improper lookout, excessive speed, inattention, and improper evasive
action (the four leading human direct causes). It is likely that alcohol-impairment also
warrants special concern due to the greater’ severlty of acc1dcms where it is mvo]ved (see

~ Volume I, Section 5.0). -

2. Knowledge of the importance of these driving errors and the context in which they are most
likely to result in accidents must be communicated to drivers. Information from this and
other studies of accident causes should be incorporated in state driver license manuals,
written and on-road driving license tests, and driver education curricula, The Department
of Transportatlon/NHTSA public information papers, announcements, and televnsed
messages should also mcorporate thls information.
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-3, “Improper lookout” was the leading accident cause identified. It is important to recognize
that nearly one-fourth of all the accidents which IRPS investigated resulted from drivers
who changed lanes, passed, or pulled out from an intersecting alley, street, or driveway
without lookmg carefully enough for oncoming’ traffic. Morte focused examinations

~ indicated that about half of the individuals cited for “improper lookout” had’ totally failed
" to make any surveillance effort, while the remainder had looked but failed to see oncoming
traffic which should have been visible. Further research is neededto identify the behavioral
' components and level of attention which comprise a “proper lookout,” 50 that adequate
tramtng, llcensmg, and enf! ofcement measures can be devised. More focused analyses of the

“interactions with environmental design features are also necessary, so that roadways, signs,
signals, and other environmental features'can be set to minimize the mc1dence of “improper
lookout.” It is significant that for the drivers who “looked but fanled tosee,” approxrmately
40% faced'a vrew obstruction whnch added to the difficulty of their surveillance task even
though it was assessed that this dtfﬁculty could and should have been easrly overcome. Also
‘of significance is the over-involvement of drivers 65 years of age and over in committing
“improper lookout™; of drivers over 65 who caused accidents, approximately half had made
errors of this kind. Future research should try.to identify the relevant mechanisms (e.g.,
mechanical difficulties in turning the head, reduction in visual field or other visual skills, or
changes in field dependence) in order to suggest appropnate countermeasures such as

, spectahzed training programs.

4. Particularly relevant in considering countermeasures for the “excessive speed” category is
 theoverrep resentation of males and females less than 20 years of age among those cited for

this factor (18.1% of males under 20 years of age committed this error, compaied to only
. 10.2% of accident males generally; 8.6% of females under 20 commttted this error compared

" to 5.2% for accident females, generaily). The interaction with roadway- famlhanty also " -

merits attention. Most of the excessive speed errors occurred with reference to “road
design,” primarily in the sense of exceeding the critical speed for a curve and thereby losmg
‘control. The motivations -underlying. risk-taking behavior . among young drivers

" (particularly males), as well as their skills in vehicle handling and judgment of roadway
requirements, may require closer examination, and possnbly areevaluation of present driver
tralmng programs.

- 5. “Inattention” most frequently involved a delay in detecting that traffic ahead was either
stopped or decelerating, and less frequently a failure to observe critical road signs and
signals, Aside from informing dnivers (through public information and driver education
programs, etc.) of the importance of attentiveness to the driving task, possible areas of
improvement include changes in the size, prominence, or placement of road.signs and
signals; other environmental changes to reduce the incidence of sudden stops; installation of
in-vehicle communication systems, such as radar warning or actuation systems to avoid
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coritact in the rear-end configuration mode; and iristallation of improVed brakelights (e.g.,
with possrble changes in mtensrty, coler, or pulsation charactenstrcs) SE

X Many drivers were cited for 1mproper evasive action.” The two major subcategones of this

error mvolved either failure to attempt an appropriate (and often easrly accomphshable)
evasrve steer, Or negation of what would have been a successful evasive steer through over-
brakmg, with a resultant lock-up of the front wheels (rendermg the steering input
ineffective). Again, a first acnon should be to mform drivers of the nature and attendant
risks of these particular errors However, further advances would require careful research to

o determine the most effective means of upgradmg the evasive skills of drivers. Perhaps a
classroom experience can be. benefrcral but it is likely that srmulator and actual in-vehicle

practrce would be requlred Four wheel anti-lock braking systems are an effectlve vehicle-.
oriented countermeasure for front wheel ‘lock-up through over- brakmg Possxbly, the
relatronshrp between brakmg pedal drsplaeement and/ or force and brakmg power on

‘exrstmg braking systems rmght also be 1rnproved

- Environmental Factors

.Undoubtedly, envrronmental unprovements mcludmg 1mplementat10n of drvrded

‘ hrghways and elimination of many at-grade mtersectrons have contributed heavrly to the

continuing reduction in fatality rates over the past 50 years or so. Yet the IRPS hierarchy
was aimed at assessmg the relative xmportance of various kinds of problems and deficiencies

~ within the current hrghway system, rather than the benefits of further 1mprovements and

upgradmg beyond a currently acceptable status. In this sense, study results mny be more
directly informative to hrghway maintenance personnel than, for example, to a state or
federal highway safety planner concerned with determmmg whether money could be best
spent in drvrdrng a hrghway or putnng in an overpass, rather than on other
countermeasures o o o ‘ o

.Within this context the major problems identified were view obstructlons (such as trees,
. shrubbery, or parked cars restricting sight-distances at- intersections), and slick roads (a
.-factor which was tallied whenever it was judged that a particular accident would not have

happened on dry pavement). Much less frequently involved were maintenance problems
(such as missing signs or inoperable signals); control hindrances (such as pavement edge
drop- ofl's), and madequate signs and signals (e.g., curve warning sign needed but not
provided). . .

3. Accidents in ‘which view obstructions were involved most frequently occurred at regular

road/road intersections, generally having stop signs on only two of the legs, and with the
erring driver almost always on a controlled leg. The erring driver was often intent on going
straight and sometimes on turning left, but was almost never attempting to turn to the right.
While some of these view obstructions would be difficult to remove — such as buildings,
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- legally-parked cars, and large embankments — the biggest share (more than half) consisted
of trees and bushes, which might more easily be removed — particularly if removal efforts
were focused only on intersections which accident records indicate to have high accident
rates and/or frequencies. Countermeasures here include ‘local surveys.to identify view
obstruction problems, and direct appeals to property owners to have such probiems
corrected. State and civic leaders can also work with business and civic groups, and through
the news media, to encourage business and property owners to assess their own propertyto

" énsure that-they are not contributing to this important safety problem. Another large share
-of these viewbbstructions resulted from parked vehicles, nearly half of which were illegally
parked. Hence, installation and enforcement of parking prohibitions serves an important
safety furction; it is 1mportant that law enforcement and the pubhc alike perceive this
importance. ‘

. Under the “slick roads” category, ram-slrckened roads predominated (possrble causal
factors in up to 10% of these accidents), while snow or ice covered roads were implicated as -
causally relevant in up to 4% of these accidents. Interactions with vehicular factors —
especially tire tread depth — are evident; vehicle and tire problems were more frequently
implicated when the road surface was damp or when precipitation was heavy, with control
losses often occurring on curves. In addition to informing and better educatmg drivers in

‘the safe negotiation of rain, snow and ice-slickened roadways, potential countermeasures
lie in the areas of improved road design to eliminate such curves where possible; pavement
grooving or other procedures to improve wet road traction, particularly at locations
indicated to have a disproportionate number of accidents under wet road conditions; and
improved tire design and inspection programs to improve traction on wet, snow, or ice-
covered roads. Some research suggests thata major problem with slick roads is that they are

“not perceived as such by drivers; hence, variable signing systems that provide information
on road sljpperiness might also be of benefit.

" Vehicular Factors

. Vehicular results were assessed with reference to the current “original equipment” state-of-
‘the-art, and therefore do not directly indicate the safety benefits of possible future

- improvements, such as four wheel anti-lock braking systems or significantly improved

. handling characteristics. Results. are, however, directly useful in targeting systems for
vehicle inspection programs, and for focusing the attention of vehicle owners and others
who play a role in vehicle maintenance.

. Results indicate that brake failures, inédequé.te tread depth, and brake imbalances are the
three leading vehicular accident causes. Conscquently, these should be priority items in
efforts to upgrade vehicle inspection and maintenance programs, and should be emphasized
in consumer information/education programs aimed at making vehicle owners more active
and knowledgeable participants in maintaining safe vehicle condition. Owners need to
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know what items are critical to inspect, how they can be checked, and which items require
the attention of a qualified mechanic. Following the threc priority items,-the vehicular
factors meriting greatest attention are underinflation, vehicle-related vision obstructians,
excessive steering {reeplay, inoperable llghts and signals, and moperable door latching
mechanisms. :

3. Among accident~causing brake system problems, gross failures and side-to-side imbalances
predominated. More than half of the components responsible for the causal brake problems
observed were contained within the wheels. The failures encountered resulted from such
factors as wear and adjustment permitting over-travel of wheel cylinder pistons, and
dislodging of the star wheel assembly through improper assembly of self-adjustor
mechanisms. Most of these failures occurred in older vehicles having only single chamber
master cylinders. Side-to-side imbalances most frequently resulted from mctal-to-metal

© contact, permitted by excessively worn linings, and less frequently from friction material
contamination. In order to achieve their accident-reduction potential, inspection programs
must be able to detect and objectively evaluate these problems. It is likely that a good visual
inspection, such as could be accomplished through wheel pullmg, would detect the vast
majority of these problems. Alternatively, testing on a dynamic brake tester, or on-road.
testing from relatively high speeds, are probably superior means of detecting side-to-side
imbalances, although they most likely would not detect and permit correction of those in-
wheel problems which led to brake failure. Factorsexternal to the wheel which accounted
for brake failures included brake hose failures and problems in the master cylmder {e.g.

‘ sand in the compensator port out~of-round primary piston seal)

4. Regarding inadequate tread depth it was fbund that 19% of the vehicles IRPS ih’spc"c‘tcd on
Level C had at least one tire with less than 2/32” of tread, while 10% had at least two tires
below this level, 3.5% had three, and 0.7% (five vehicles) had all four tires below this
standard. This was true despite Indiana’s annual vehicle inspection program, which -
incorporates a 2/32” tread depth standard.. While problems with the inspection program

* may be partially responsible (it was estimated that 29% of a set of degraded components’
which IRPS found on accident-involved vehicles were present and should not have passed
at the time of -the vehicle’s last state inspection), normal wear of tires between yearly
inspection intervals is a major factor (i.e., a tire which passes today could be below the

. standard a month or two from now). An alternative would be to increase the inspection
standard to some higher figure (perhaps 4/32”), although consumer opposition and
increased enforcement difficulties might be anticipated. Alternatively, owners can be at
léast given a warning if they are below some higher standard (such as 4/32%), possxbly wnh
an estimate as to when the 2/32 level will be reached.

1 The components in thxs set consisted of wipers, exhaust, freeplay/stecring system, and tread depth. These items
constitute a subspt qf components cvaluated by the in-depth team. .
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5 Underinflation was’ pnmanly implicated as a possrble or probable factor contnbutmg to
" poor vehicle handling in control loss situations. Based on the high incidence of improperly-
“inflated tires on vehicles IRPS inspected, it appears _unlrkely that the typical owner engages
.in routine checks on inflation,-or is adequately concerned about the potential influence of
~ +~improper inflation on vehicle control. Inaddition t.> better informing and educating drivers
.- on this subject, vehicle inspection stations can be required to advise owners regarding tire -
- pressure problems, major oil companies and service station operators.can be encouraged to
" ‘actively participate ‘in checking pressures and advising motorists; and visible pressure
‘warning indicators can be -installed to inform drivers when inflation problems. exist. In
. addition to safety, energy conservation and tire life benefits can also be stressed. While
- underinflation can also lcad to tire failure, study results do not support sudden failuresas a
frequent cause of accidents. Y ‘ \

- 6. Particular attention should be directed to provrdmg adequate consumer mforrnatron and
educatlon concerning vehicle maintenance. Contemporary concerns regarding consumer
fraud ‘may. have created an atmosphere of skepticism which may sometimes result in .

“desirable repairs and other maintenance practices not occurring. For example, it is possible

. 'that consumers may resist installation of new wheel cylinders and seals when having brakes

- relined, and mechanics may be reluctant to recommend it. In addition, mechanics may feel

- compelled to eliminate these items in a relining estimate, in order to assure that their bid is

. competitive. An informed consumer should be able to better drstmgursh unnecessary from
valid preventatlve maintenance acnons .

7. In the continued upgradmg of vehicle mspectmn programs, it is necessary notonlyto kcy on
those systems and components which are responsible for accidents, but to ensure that -
inspection procedures, and inspector skills and equipment are up to the task through

’ adequate training, licensing, and program monitoring. For example, brake hose or line

) farl_ure was responsible for several of the brake failures which caused accidents, yet a visual

brake hose and line examination is not required.in many programs. In some, at least, a high

“pedal force application is required, which might detect some incipient failures. However, it
is believed that a visual examination could detect additional problem cases; those brake
_hose failures in the IRPS file which resulted from rubbing against an improperly-installed
‘muffler, and from rubbing against a wheel rim during turns, are cited ,as examples.
- However, such a requirement implies a need for training as to likely failure points or sources
- of interference, and to assess degrees of deterioration in lines and hoses. It continues to be
* true that in.many states inspection personnel receive no training whatever, and licensing:
_ requirements are often minimal. The inspection activity must also be adequately monitored
to ensure that there is accountability on the part of inspectors and inspection stations for

‘ ‘their performance Too often, consumer complaints comprise. the major source of

' mformatlon on'station performance

8., Whlle most of the vehicular problems whlch caused accrdents could have been prevented by
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“proper maintenance,” the possibility of reducing the need for such maintenance through
- design innovations and improvements must not be overlooked. While failure to perform
' needed maintenance poses one set of problems (e.g., as when worn linings permit metal-to-
" metal contact, leading to a brake imbalance), maintenance carries with it the possibility of

improper repair or assembly (e.g., as wheré an improperly-assembled self-adjuster leads to
- brake-loss through overextension of a wheel-cylinder piston, or where a new and slightly

different muffler puts the tailpipe in contact with a brake hose).-Desirable improvemeats -
- might include seals which prevent friction materials contamination over extended periods;
longer-lasting brake linings and pads; driver warning/information systems 10 warn drivers
and possibly encourage correction of degraded conditions; and component parts (such as
brake adjuster mechanisms) which are designed to decrease the likelihood of improper
assembly (especially by the growing number of amateur and owner-mechanics). .

. Vehicle causation problems should continue.to be monitored in the future, since the
continuous introduction of mechanical innovations will alter the relative involvement of the
‘various problems and systems, requiring a periodic readjustment of inspection items and
programs. The dual-chamber master cylinder, in particular, should cause a gradual
" reduction in the causal involvement of brake failures, which were the predominant vehicle
problem in the IRPS data. The advent of disc brakes may also gradually.alter these results,
particularly as disc brake-equipped vehicles begin to make up a significant proportion of
the high mileage/order vehicle population—which was responsible for a d1sproportlon-
ately large share of vehicle problems in thc IRPS data.

6.1.2 Secnon 4.0: T)'end Analysxs Across Phases

. For the overall categorles of human, envrronmemal and vehrcular factors phase to-phase

,changcs were large enough to be reflected in several statrstrcally-51gnrﬁcant trends.
Involvement of human and env1ronmental factors tended to decrease from phase -to-phase,
while vehicular factor results varied erratically. Reasons for these changes were.not clearly -
identified, and could reﬂect variances arising from the clinical assessment procedure

. For the ten most frequently identified causal factors, significant trends were identified
* either in the on-site or in-depth data for five factors. These were: (1) inattention (downward
" trend, on-site); (2) improper evasive action (downward trend, on-site and in-depth); (3) false
assumption (downward trend on-site, mixed trend. in-depth); (4) improper driving
" technique (mixed trend on-site and in-depth); and (S) madequately defcnsrve driving
technique (mixed trend on-site). I :

3. However, for the two highest rankihg human factors (improper lookout and excessive

speed), the two most frequent environmental factors (view obstructions and slick roads),
and the most frequent vehicular accident cause (brake system problems), significant trends
did not occur in either on-site or in-depth data. Thus, for the most frequently cited human,
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environmental, and vehicular factors, results changed very little across the four phases (I-
V) elther on-sne or m-depth

6.1.3 Section 5.0: Analysis of Accident Severity
as a Function of Accident Causation

1. In this analysis, acc1dents involving individual causal factors were compared with all

accidents mvesttgated in terms of the proportion mvolvmg either property damage (PD

' only), or personal tn_]ury/fata]xty (P1/F). Only two causal factors were found to be

significantly more serious (in overreprcsennng the P1/F class) in both the on-site and in-
depth data; these were alcohol- 1mpatrment and excessive speed

2. In addmon, in the on-site data only, . acmdents involving control hmdrances (an
environmental factor mcludmg such problems as pavement edge drop-offs) and tire [ wheel
problems, were significantly more serious. These factors therefore merit mcreased concern
beyond that indicated merely by their frequency of mvolvement

3, Factors assocnated with less than expected seventy (in the sense of s1gmficantly‘
underrepresenting the PI/F class of accidents) were false assumption, external distraction,
and improperlookout.2 Note that the last of these — improper lookout — was the study’s
most frequently implicated causal factor, according to.both on-site and in-depth data. Its
importance by virtue of frequency of involvement is offset somewhat by its lesser severity.
In contrast, the increased severity associated with the second-ranking factor — excessive
speed — greatly increases its importance.

6.1.4 Section 6.0: Driver Conditions and States in
Combination with Other Factors -

l Thts analy51s mvest1gatcd interactions of causal]y-tmplxcated “human conditions and
~ states” (whteh may be considered human indirect causes as opposed to.direct behavioral
_ causes); with both human direct causes and environmental causal factors. One or more
condition or state was cited at the “possible cause” level or above for 102 of the 720 drivers
: -tested and interviewed by the indepth team; these were compared with the direct causes
attributed to the same drivers at the “probable cause” level or above, and to the
envirOnmenta'l factors cited as Causally-relevant to their accidents, at these same levels.

2. Numerous statistically sngmfxcant interactions were. identified, including the followmg
when alcohol lmpatrment was causally implicated, the likelihood of excessive speed and
“other direct causes” being cited was significantly increased. The causal lmph_catton of
fatigue was associated with a greater incidence of critical non-performance (falling asleep),
inatterition, and- “other direct causes;” reduced vision was associated with increases for
improper lookout and view obstructions; emotional upset with inattention; “in-hurry” with
“excessive speed; driver inexperience with inadequate directional control and highway
m the m-deplh data, none of the factors significantly underrepresented the PI/F elass
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design factors; vehicle unfamiliarity with inadequate directional control, highway design,
‘and slick roads; and roadway unfamiliarity wrth excessrve speed, comrol hindrances, and

madcquate signs and signals. -

Recommendations

Should future studies yield the same pattern of relatlonshrps observed here there ‘would be
numerous possible applications to a variety of coumermcasure programs For example
driver education/information programs mxght

¢ Stress that if dnvmg while under the influence of alcohol key concerns are to avoid

a fallmg asleep and speedmg (while the point on speeding may be well-known recognition

~ of falling asleep as a problem — lrke the pos51ble mcreased rrsk of mternal dxstracnon—
may be much less wrde-spread) ' ‘ : ‘

e Stress that when emotxonally upset, dnvers make specxal efforts to keep lhelr mmds on

their driving and to remain attentive.

o Place added emphasis on mformmg new (mexpenenced) dnvers of the need to avoid
‘being internally distracted (e.g., by passeéngers or adjustment of tape players). An
emphasrs on proper evasrve action and retaining control may also be mdlcated

- @ ‘Stress to drivers operating unfamiliar vehicles the mcreased risk of control loss.

e Stress the importance when driving on unfamiliar roads of conscrously reducing speed to
account for unexpected, deceivingly tight or unusually slippery curves.

. This analysis might have been improved by comparing the presence of these human

conditions and states with the human direct causes, as well as vehicular and environmental

factors. The causal judgment associated with the conditions and states in this analysis

compllcates interpretation and may assume too much in'terms of the mdependcnce of the

assessments of the direct and indirect causes (e.g., between the assessmcnt for faugue and

cricitical non- performance/fallmg asleep).

. In anyfuture effort of this kind, interactions between the various human, vehlcular and

environmental direct causes should- be examined. This would promote a better
undcrstandmg of the causal mcchamsms :

615 Sec'rion_7.0: Analysis of A.rsessmenl Practices

. Asa part of this assessment, comparisons were made between the in-depth team’s subjective

- (numerical) probability estimates of the causal involvement of a factor, and i its application
.of the three assuredness labels — certain, probable, and possible — to the same factor. A

general conclusion is that the in-depth team was either conservative in the use of the
numerical ratings, or extravagant in the assignment of the verbal labels of at least certain
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and probable causes. For example, whereas “certain” was described as-having an -
““analogous confidence level” of 95% or better, the numericdl judgments associated with
" that assessment had a median value of .90, with an interquartile range of between .88 and
1.00. : K

. Based on the lrmrted set of 54 drivers/ vehicles considered in this assessment, there were no
‘statistically significant differences between individual in- depth team members in their mean
subjective probability assessment values, either within individual types of factors (i.e.,
human, environméntal, or vehicle), or across all factors..

. In addition, mean scores varied only slightly as a function of the area of expertise -
represented by ‘the team member and none of these differences were significant. In other
words, team memmbers with human factors expertise assigned neither more nor less credence
on the average to the involvement of human factors (or for that matter, to the involvement
of environmental or vehicular factors). Only in the case of vehicular factors was there found
to be a slight (but non- srgmﬁcant) tendency by the engmeers to assign greater werght tothe

" involvement of vehrcular factors. -

. While these analyses fall far short of a check on the extemal vahdrty of the causal
assessments, they are nonetheless reassuring in indicating that a consrstently.apphed and'
systematic assessment procedure was used to.obtain these results. .

Recommendations -

‘1. In any future effort of this kind, whenever subjective estimates of “causal involvement” are

required, it is'reccommended that numerical probability scales be used instead of sach verbal
labels as “certain, probable, or possible.” The use of numerrcal values frees the judge from
narrow resmctrons and provides him/her with a wrder potenual range of evaluations. The
system has further advantages in that verbal labels may then be provided post hoc to
describe any range of subjective probabilities, thus eliminating the phenomena of
_.overlapping between subjective categories. The numerical ratings would also eliminate the
" observed problem of the varying correspondence obtained between verbal categories and
1 numencal ratings. for each of the different causal factor areas (e.g., human vs. vehrcular)

. The making of subjective probability judgments is a skill that must be learned, and both
experience in this project-and related research indicate. that a person’s original subjective
numerical estimates ' may vary significantly from either the true value or the values later
estimated, after additional practice. Adequate practice and perhaps training should
therefore be provided.

. Evaluauons are more accurate ‘when people are assigned the role of estrmators of
component probabrlmes rather than estimators of product probabrhues Hence, it'is
probably better to have team members evaluate existence and involvemert separately and
then combine the product mathematically, rather than have them evaluate the derived
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involvement immediately. However, training should make the judges aware of the problems

of regression toward the mean, in which as the number of ratings.that go into making a final

evaluation increase, so do the evaluations tend to regress more.and more toward the mean,
malcmg extreme values less and less lrkely

. In tr'aining accident investigators to make subjective probability judgmems,'one‘pmentialv
criterion to evaluate progress could be’ the independence between: their evaluations of
involvement and existence. Independence between the two statistics should be obtained
whenever all the potential factors within a given system are considered. ‘
. Smce specrality areas Were not found to affectjudgments perhaps a psychophysncal scale
- can be derived, using 2 simulator, in which forms of real or staged accidents can be used to
relate the actual contribution of various potentral factorsto the final collmon This could be
used as part of a training program and would provide investigators with bcnchmarkﬂ
probability estimates for various causal factors. To illustrate, various levels of braking
deficiencies could be shown to cause an accident (given acertain time-dlstance relationship
between cars) w1th varying levels of probability.

; The evaluatlons here were based in part on havmg different people evaluate the same
accident, and in part on having different people evaluate different accidents. In no case,
however, were there two people representing the same area of expertise evaluating the same
accident. A more scientifically sound procedure to assess future clinical evaluation

- -processes in terms of their consistency, biases, or efficiency should involve different MDAI

' teams evaluating the same accidents. This can be done on an experxment‘.l basis by
'provrdmg different accident investigation teams with either. real or simulated accident
descriptions, slides, graphs, etc. In this particular case, the use of srmu]atcd accidents or
staged accidents would be an even better tool since it could also help in testmg the valrdrty of
the clmlcal assessment procedures : -

. The clinical assessment approach“ should be carefully integrated with statistical
‘(correlatlve) approaches .to “causal factor”/problem identification and definition. For
example, accident-causing behaviors identified through the clinical approach should then
be further evaluated to better estimate the the relative risk of these behaviors through
accident-and control/exposure data comparisons, when possible. Similarly,. statistical
. comparisons may identify- potential problems which can then be observed and better
- understood through clinical observations.. ‘ ‘

. Evaluations of any subjective assessment procedure should be conducted ©on an on-going
basis, for use as a management tool. In this way, any unusual biases or other problems
~ associated with a partrcular mdmdual or a pamcular discipline, can be pmpomted and
remedial action taken.
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"6.1.6 Section 8.0: Level Bvs. C Comparlson.s'

. In companng results for accrdents investigated separately by ﬂrst an on-site and thenan in-
. depth team correlations (Cramer’s V) between teams was less than desrred — ranging

from .44 across all factors to .59 for environmental factors. Drsagreements resulted from

‘both omissions (where m-depth citeda factor but on-site did not), and commissions (where

the reverse was true)

. The level of codmg errors was found to be small; correction of coding errors 1ncreased

correlations by an average of only .07.

3. For corrected data, correlations based on correct identifications and misidentifications

only (with the commission/omission errors excluded) ranged from V = .82 for human
direct causes to V = 1.00 for human conditions and states. :

Based on definitions in this analysis, the level of disagreements was higher than desirable
for most of the detailed causal categories. However, it should be noted that the definitions
for agreement and disagreement were exceedingly stringent; citation of a factor at the
“possible cause level” by one team, in the absence of any mention by the other team, was
considered a disagreement, and a decrslon by both teams to omit (not crte) a factor was not
counted as an agreement. :

" 5. The proportion of agreements was much higher for human direct and environmental
factors, than for human conditions/states and vehicular factors.

. Of the disagreements, the most prominent were on-site omissions — particularly for

human conditions and states(i.e., frequently the in-depth team cited a human coudition or
state at the “possible cause” level or higher, when the on-site team failed to cite the same

+ factor at all). Note that some conditions and states may depend more than others on

identification by the on-site team at the accident scene (perhaps alcohol-impairment),
while others may be more readily detected off-scene by the in-depth team (possibly

. reduced v151on as measured by the driver vision tester).

. Further analyses were conducted employing statistics derived from signal detecuon_

theory. The pattern of results obtained indicated that, in general, on- -site was.relatively
conservative in their citings, leading to a relatively high rate of “misses” (i.e., failures to cite
factors which were judged causal by in-depth), and a very low rate of “false alarms” (citing
a.factor not judged causal by in-depth). -

. For vehicular factors, this analysis revealed the on-site teams to have particular problems

in assessing the involvement of imbalanced brakes, suspension problems, and (possibly)
the involvement of cbmmunications systems. On the other hand, on-site dealt much better
with gross brake failures and degradations, as well as steering problems. Even for these
factors, however, approximately 50% of the cases detected (i.e., cited at the possible level
or above) by the in-depth team remained undetected by the on-site team.
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9.

10.

e
. control hindrances, view obstructions, and special/transient hazards. Problems were
experienced in adequately detecting the involvement of slick roads, madequate signs or

12.

This same analysis showed that among human direct factors, on-site did particularly well
in assessing external distractions, improper lookout, and inadcquate directional control,
and was also reasonably accurate in tallying instances of “failing to observe and stop fora

'stop sign” (althorgh this is actually not considered a “causal factor” within the IRPS

scheme). On-site investigators also did an adequatujob in assessmg inattention, excessive
speed, overcompensation, and recognition delays other than internal dxstracnon On the
other hand, on-site was found to have difficulty in detecting the role of mxsjudgmcnt of
distance, improper driving techniques, inadequately defensive -driving techniquics,
inadequate sjgnalihé, and improper evasive action, Somewhat less difficulty was
experienced with respect to internal distraction, false assumption, and improper
maneuver. , o o o ' '
For human conditions and states, on-site performed satisfactorily (as judged by in-depth
team performance) in assessing the involvement of alcohol impairment, driver
inexperience, and road/area unfamiliarity. Performance was less satisfactory for other
factors, and inadequate for the overall physical/physiological impairment’ and
mental/emotional stress categories. :

For environmental factors, the on-site teams did well in assessing the involvement of

sngnals and highway design problems.

A prevnous comparison (dlSCUSSCd in Interim Report I]) showed that based on Phase II-1V
data, the reported involvement percentages for the various causal factors arc generally

- quite similar in both on-site and in-depth data. Based on Phase 11, I1I, and 1V data, results

13.

from the in-depth and on-site levels were: human factors, 95.3 and 91. 7%, environmental
factors/mcludmg slxck roads 34.9 and 38.5%; and vehicular factors, 12,6 and 11. 3%
respectively.

Interim Report ITalso indicated that of the ten most fréquently cited causal factors, large
differences in results in the Phase II-1V data were observed for only two factors: improper

* driving technique (10.1% in-depth vs. 4.8% on-site), and inadequately defensive driving

technique (10 1% in-depth vs. 5.0% on-site). Percentages were quite similar for the
rcmammg exght categories.

However, based on an earlier agreement/dlsagreement analysis employmg slightly
different procedures and definitions, Interim Report Il also indicated that the teams often
differed as to the specific causal factors cited. It was found that the factor most consistently
applied was ambient vision limitations (teams agreed in naming this factor 11.7 times as

3 Under physical/physiclogical impairment, the comparatively good pcrforrﬁance for the alcohol impairment
assessment was offset by poor performance on “other-drug unpau-mcnt -and other physncal/physlologncal
problems. .
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15.

often as they disagreed), while among the least con_sis;cnily applied was improper driving
technique (the teams disagreed 2.7 times as often as they agreed). Again, note that an
agreement by both teams thata factor was not involved was not counted as an “agreement”

for, purposes of _these statistics (although this, would . have greatly xmprovcd the

agreement/disagreement ratxos presented). .

Asinthe present analysis, Interim Report IImdlcated that the most important problemsin

- . assessing the top-ranking causal factors were that the on-site teams often failed to detect

the involvement of improper evasive action, improper driving technique, and madequately
defensive driving technique, in situations where the in-depth'results indicated ,‘heY’ should.

ST Recommendatlons

; .It would havc been beneficial to have contmually and- systemaucally momtored causal
-agreements and disagreements between teams on accidents which they both investigated,

and to. have .used this information on an on-going basis- to pinpoint problems of

- interpretation or use of the assessment procedure by individual teams or investigators, and

to otherwxse refine and .improve the assessment process.

Were this study to be continued, immediate attention would be required in upgrading the
performance of the -on-site teams in evaluaung the involvement of misjudgement of

distance, improper driving techniques, inadequately defensive driving techniques, inade-
- .quate signaling, improper -evasive action, slick roads, inadequate signs, or signals, high-

way design-problems, imbalanced braking, suspension, problcms and vehicle communi-
cation systems ‘ o

. ‘Fuither research and experimentation is in order to determine optimum team make-up

and configuration, as a function of data items sought. Such work would be aimed at
determining optimum numbers and assignments of team personnel; related sklll training,
education, and experience requirements; as well -as equipment and procedural
requirements, .including off-scene vs. on-scene collection and _timeliness/response

.specifications. Trade-offs will certainly exist between numbers of cases acquired, data per

case, and data accuracy. It is believed that to date, no controlled experiments or other
substantial research on this subject have been conducted, which would provide an
adequate scientific basis for taxlormg a field collcctlon effort to specific accident data

: needs

. Future training programs for on-site type (“level two”) teams should consider including

information that would explain decision theory and its implications for the different types
of errors (false alarms and misses) and correct decxsxons (hit and misses). These should be
explained within the objectives of the programso that investigators will be able to exercise

 influence over their criterion in evaluating the contribution of potent1a1 accxdent causes,

whenevcr sub)ccnve assessments are required.
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5 To the extent that the results obtained in the present analysis are valid, accident
investigations at an on-site level of effort should be considered appropriate for assessing
the "culpabxhty of drivers; but in assessmg spec‘ﬁc causes, it is recommended that either
the investigator's training or evaluation criteria be changed with respect to those factors

. for which on-site performance was poorest (based cnd’ < 1.96 and/ or hit rate = 0). These
factors, labeled in the text, are 9, 14, 18, 19, 20,21, 22,2425, 34,40,41,43,45,48,and 49.

" 6. Since in the process of comparing the two levels of accident investigation coding errors
- were found at a significant — though relatively mfrequent — rate, further quahty control
* might improve the validity of the data.

7. Further research is needed to better determine if the signal detection theory modelis in fact

" appropriate for this type of dataand application. The utilization of the SDT statistics does

* not necessarily imply that the accident investigator is operating as a signal detector when
searching for accident causes. Some of the tests that should be conducted would involve
testingof the individual “receiver operating characteristic” (ROC) curves that would
indicate whether in fact the assumptions of normality and equal variance of the signal and
signal plus noise distribution are warra‘nted on an individual basis.

6.1.7 Secuon 9.0: Represemauveness of Study Samples and Study Area

—
.

In this section, descriptors of Monroe County drivers, vehlcles and roads were compared
with available national statistics. In addition, Monroe County accident descriptors were
compared with available national accident descriptors, Finally, the on-site and in-depth
'samples were compared with all police-reported accidents occurring in the county, and post
‘hoc adjustments for non-uniform sampling were made to the on-site causation results.

2, The Monroe County study area — in terms of drivers, vehicles, and-roadways — agreed

- particularly well with national data for vehicle model year, vehicle make and driver sex. It

was found to differ from the nation principally with respect to driver age (younger drivers

overrepresented), and road and street system mileage (proportion of municipal mileage

correct, but state and U.S. highways underrepresented and county roads overrepresented).

In addition, the propb’rtion of surfaced roadways was also greater than forthe nation asa

whole (which is in conflict with any pre-conceived notion that thé Monroe County study

" “"area is more rural or pnmmve than the U.S. driving environment, generally). Note,

however, that causation involvement rates were found to be relatively insensitive to the non-
representativeness of these variables (Volume I, Table 9-6). -

3. In the comparison of reported Monroe.County accidents to availablé national accident
' descriptors, Monroe County was found to compare particularly well as to hour of accident
and type of involved vehicle, but to differ somewhat with respect to accident driver sex
(womien overrepresented), place of accident occurrence (rural accidents overrepresented),
accident light condition (daylight overrepresented), accident type (multi-vehicle collisions
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‘overrepresented;  pedestrian, ‘non-motor- vehicle, and . fixed ;object accidents under- -

represented), road surface condition (wet .roads overrepresented), accident driver age o

(young drivers overrepresented), and -accident severity (property damage accidents
overrepresented). Again, it should be noted that for each of these variables, ca'ubationf
involvement rates were found to be relatively msensmve to the degree, of non-
representativeness experienced (Volume I, Table 9-6). '

. The Phase 1I-V on-site sample is representative of 1972 1974 reported Monroc County
accidents (i.e., does not vary to a statistically significant extent) in terms of place of
- occurrence (urban or rural), driver sex, and driver age. The most non-representative
characteristics are light conditions (on-site sample overrepresented daylight accidents);
road surface condition (overrepresented accidents which occurred on dry road surfaces);
weather conditions (overrepresented. clear conditions); hour of accident (overrcpxesemed
accidents occurring between noon and 3:59 p.m.); character oflocatron (underrepresented
open road, non-intersection accrdents), investigation source (underrepresented non- police
reported accidents — expected since only police- 1mestxgatcd accrdents met the criteria for
mvestrgatlon) and arrest status (overrepresentcd drivers who were not arrested). Note that
with the exception of investigation source, the effects of non-representativeness of each of
these variables has been examined and found to be extremely mmgmﬂcant in terms of
overall involvement of human, vehicular, and environmental factors.

. The Phase II-V in- depth sample was found to be rcpresentatrve of the 1972-1974 reported
Monroe Coumy accidents (again, in the sense of not varymg to a statistically significant
extent) with respect to weather conditions, character oflocahon road surface condition,
driver license status, and driver sex. The most non- representative characteristics of the
Phase 1I-V in-depth accidents are light conditions (in-depth sample overrepresented
daylight accidents); hour of accident (ovenepreﬂcnted accidents occurring from 100n to
- 3:59 p.m.);. accrdent type (overrepresented non- collrsron/xunnmg off road accidents);
mvestlgauon source (underrepresented accidents not investigated by police agencies —
again, an artifact of the selection criteria that only police-investigated accidents were
‘ considered); and arrest status (overrepresented drivers who were not arrested). Again, these
differences have been found to have only a minor or insignificant cffect on the aggrcgate
_causal result percentages (Volume l Table 9-6). ‘

. While the effects of nonrepresentatlvcness on lhc specific, detail level causal factors were
not examined, from the data presented in Volume I, Sect1on 3.2.3,itis evident that results
regardmg thei involvement of alcohol-rmparrmem as an accident cause varred as a function
of the extent of coverage provided (i.c., according to whether accidents were selected {rom-

B _all hours of the day or only from limited periods). The overall effects of hotirs ofcoverage on

alcohol-impairment are not clear (Volume I, Figure 3-5). However, for on-site team results
‘(which are probably less influenced by selection biases arising from non-cooperation of
drinking drivers), more frequent involvement was consistently recorded during 24-hour per
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‘day coverage than during periods of limited coverage (from 11:30 a.m. to 10:30 p.m.}. This
" would indicate a greater involvement of alcohol-impairment in late night and early morning .

accidents. Overall, since 24-hour per day coverage was not provided continually
throughout Phases [I-V, this would indicate that the aggregate results for alcohol-

) 1mpaxrment ‘n Phases Il-V are understated. - -

Overall, considering the degree of representativeness of Monroe County and the IRPS

accident samples, as well as the effects of non-uniform sampling on estimates of causal,
involvement, it is concluded ‘that the study area and samples are adequate to provide

‘reasonable and. useful estimates of the relative involvement of the kinds of human,

vehlcular and cnv1ronmental factors assessed.

\ Recommendations

.- Although the relationships were not strong and the effects of non-uniform sampling on’

IRPS’ aggregate results were quite small, the accident causation judgments were shown to
- be related to various accident, driver, vehicular, and environmental descriptors. This means
,that estimates regarding the role of the various human -vehicular, and environmental

factors can be inaccurate if the samplcs are chosen mcorrectly, or if adequate post hoc
adjustments are not made..

With this in mmd it is recommended that when clmlcal assessment procedures are uscd in
the future, samples to be chosen to mlmmxze potential biases on these causal assessments,

‘ and that adjustments be made to the aggregate measures-of involvement, in order. to

minimize the influence of nion-representative samples. Most likely some post hoc numerical

_adjustments will be required, since inevitably some drivers either cannot or will not

cooperate, creating the likelihood that certain situations will be 1mproperly represented.
These kinds of situations can occur when drivers are worried about future litigation, reside
far from the study area, or are fatally m_|ured Where possxble extra effort should be exerted
to assure that some of the “non-cooperatives” in fact are sampled (i.e., that there is
penetration. of the nonresponse groups). In addition, pohce reports on accidents involving
uncooperative drivers should be compared to similar data collected for the volunteer
drivers, in order to detect and account for any systematic bias. Ata minimum, variables -
which have been shown to influence causation estimates should be considered when
sampling procedures are developed. These are as follows:

"o Estimates of human involvement in accidents will be understated if the followmg are

" undersampled: arrested drivers; non-hcensed or out-of-state drivers; urban accidents; dry

. or wet road surface accidents; dawn or dusk’ accndents and accxdents occurring between
8:00 a.m. and 7:59 p.m. Human involvement will also be understated if the following are
oversampled drivers aged 25- 64 muluple vehlcle accldents and motorcycle accidents,

L Envnronmcntal mvolvement will be understated if the following are undersampled: single
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vehicle accidents; accidents during rainy, snowy, or foggy weather conditions; rural
accxdents, accidents on wet, or snow/ice covered roads; and non- mtersecuon accidents.

e Estimates of vehicular involvement in accxdents will be understated if the followmg are
undersampled: drivers under 20 years of age single vehlcle acc1dems or acc1dents
occurring on- wet road surfaces.

6.2 Volume ll:' Special Analyses

6.2.1 Section 2.0: Driver Attributes and Relationship
to Accident Causation

6.2.1.1 Section 2.1: Driver Vision Testmg

. A Driver VlSlOﬂ Test (DVT) which is an integrated battery of 12 different dnvmg rclated
tests, covering such visual skills as acuity for static and dynamic targets, visual field, and
dynamic movement detection thresholds, was administered both to drivers who had been
involved in accidents and a non-accident control group.

. It was found that test/re-test correlations were stattsncally significant for most of these 12
separate tests, but were adequately high.on only three tests: (1) static acuity in normal
illumination; (2) static acuity in the presence of spot glare; and (3) dynamic visual acuity.

. Given the 30 to 40 minute administration time, the DVT was found unduly time consuming
_for use in routine driver licensing, in its present configuration. However, investigatioiis were
made which suggest that for licensing purposes the DVT could be significantly shortened.
- For-example, results show that all four tests of static foveal acuity correlated with each
other more than with any of the other tests, and dynamic visual acuity correlated highly
with most of the measures reﬂectmg movement threshold acuxty Some of these tests may
therefore be deleled

. Dynamic Visual Acuity (DVA) was found 1o be the test which best discriminated between
accident at-fault drivers and a control group of non-accxdent drivers, once the effects of age
were controlled for. .

. In another analysis, drivers who were judged to have committed accidént-causing
recognition errors were compared with those who had commiitted other eriors; and with
those who were involved in accidents but had committed no errors. The drivers who had
committed recognition errors scored significantly poorer on the test of static acuity under

-low levels of illumination, than drivers who had committed no errors (20/88 vs. 20,75).
Drivers who had committed “other crrors” also scored more poorly than no-error drivers,

. A separate analysis was performed examining measures hypothesized to have particular
relevance to involvement in either right angle or rear-end collisions. As hypothesized, it was
found that increased involvement in right angle collisions was associated with lower
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sensitivity to peripheral movement in-depth. Less clearly, it appeared that involvement in
rear-end collisions increased as the ability to detect angular movement in the central visual

-field decreased. For those with poor dynamic visual acuity — which by far was the vizual

abrhty found to be most consistently related to accidents — there ‘was increased
involvement in both right angle and rear-end collisions, wuh the i increase in the rear-erd
configuration being somewhat greater.

Of the more reliable measures provided by the DVT in its present form, dynumic visual
acuity appears to be the only variable which is consistently and significantly related to
accident involvement. Static acuity under normal illumination — presently the only visual

screening criterion in most licensing tests — was not shown to be causally-related to

accidents (with the particular device and procedures used in'this study). The importance
of most other measures of visual performance (e.g., static acuity under low levels of
illumination and peripheral movement in-depth for large targets) cannot be adequately

~ determined before the relrabrhty of these measures is unproved

Recommendaﬁoné o

. Results suggest that the DVT s adequate for testing foveal static acuity under normaland

glare conditions, but is less than satisfactory in measuring static acuity under low levels of
illumination — unless a sufficient dark adaptation period is provided. The DVT does,
however, yield a stable measure of dynamic visual acuity and effecnvc vrsual field.

. The present administration and scoring procedures render measures of both central and

peripheral movement detection too unreliable to be useful accordmglv, rmprovements are
regitired in these areas. :

. For lrcensmg purposes, the DVT reqmres too much time in its. present conﬁguranon and

the equipment is excessively bulky as compared to devices presently in use. It is
recommended that improvements can be made in both respects by retaining only tests
found to be definitely’related to driving ability, and which are independent of each other.
The factor analysis and various validity analyses suggest that two candidate tests for a

-reduced battery are: (1) foveal static acu1ty (under low level rllummatron) and (2) dy-

‘namic visual acuity.

. Before such recommendations are 3imp1ememed, the’unreliable'tests must be improved.

This is necessary before any definite conclusions about relevance to driving ability and
accident avoidance can be reached. The pattern of results suggests that such improve-
ments can be achieved by increasing the mechanical reliability of the DVT on one hand,
and the objectivity of the scoring procedures on the other. Such methodological improve-
ments in a modified and improved version of the DVT are ‘currently being. pursued under
another NHTS A-sponsored contract.
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6.2.1.2 Section 2.2: Driver Knowledge Testing

. An analysis was undertaken to determine the usefulness of a particular driver knowledge
test as an indicant of accident involvement or type of driving error. A 20-question driving
' knowledge test was constructed from a large pool of multiple choice items provided by
NHTSA, along with nine supplementary questions provided by IRPS. The questionnaire
was administered to 178 drivers from an accident group and 133 drivers from a control

group.

. Driver knowledge test scores varied significantly as a function of age. Drivers under 20
years of age scored relatively low. Drivers 20 to 34 scored the highest, but with a
deterioration of scores begmnmg at age 35 and continuing, such that derCl‘S 65 years of

‘age and over scored the lowest.

. Of the 20 questions, males performed significantly better on four questions, and marginally
better on an additional two. Females performed marginally better on one of the questions.
In terms of total test score, males scored significantly higher. The questions best answered
by males appeared to concentrate on handling in emergencies and mechanical
considerations, rather than on general driving style or laws. -

. As might have been expected;. those who had received formal driver training scored
significantly better than those who had not. The questions best answered by those who had
had driver training emphasized general driving style and laws rather than emergency
handling or mechanics.

. In a separate analysis, a comparison was made among the test scores of those judged at fault
in accidents, those involved but not-at-fault, and a control group of non-accident drivers;
no statistically significant differences were identified for any of the individual questions, or
for total driver knowledge test score.-Consequently, this analysis provides no-support for
the idea that driver knowledge (as meésured‘by this test) is related to accident involvement.
One problem with this evaluation, however, was that in the time which elapsed between the
accident and the knowledge test, drivers committing certain errors may have learned
through discussions of the accident with friends, parents, their insurance company, etc.

. In yet another analysis, relationships were examined between particular questions and the
incidence of accident-causing behaviors or problems which were hypothesized as being
possibly related to them. Again, no statistically significant relationships were identified.

Recommendaﬁons

. Despite the dlscouragmg results obtained here, it is highly unlikely that all aspects of driving
performance are unrelated to the content areas and driving skill requirements which have
_ been previously identified. Apparently, when driving performance is measured by accident
involvement, other skills and knowledge than that measured by this knowledge test is
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" relevant. In the future, more specific and relevant definitions ofdnvcr kriowledge should be
tested. : :

2. Accordingly, one recommendation' is that driver knowledge should be tested in the
‘behavioral areas that have been determined to be the major causes of accidents, and that
this testing should take place immediately following the accident — before any additional
learning takes place. Questions that assess proper visual surveillance techniques, awareness
of the risk of inattention, proper evasive maneuvers, etc., are possibly more directly relevant
.to accident avoidance than questions dealing with maintenance, driving style, or knowledge
of traffic regulations. '

3. In addition, driver knowledge of accident avoidance maneuvers should be tested under
temporal stress. The drivers frequently reported that they “knew” that they had performed
an inappropriate avoidance maneuver, but in the limited time available had responded .
v“instinctively ” When taking the knowledge test, these drivers often answered related -
quesuons appropriately. Hence the need to measure both whether drivers know the right
answer, and how much time is needed to reach the correct decision. Perhaps testing could be
conducted in an active simulation environment, in which the driver is required to actually
perform the appropriate motor response.

6.2.1.3 Section 2.3: Methodology Development—New
" Driver Measures

1. This section built on previous research aimed at ascertaining distinguishable characteristics
of the overinvolved or “problem driver.” Driver characteristics and traits (independent
variables) such as prior record, alcohol/drug usage, social adjustment, personal
adjustment, and impulse control were examined in terms of their relationship to various on-
road behaviors (dependent variables) characteristic of risk-taking, poor decision making,
and poor.perceptual-motor skill. :

':2. In a preliminary study, a group of young accident repeaters was compared with a matched
group of non-accident drivers, in terms of alcohol/drug use, personal adjustment, social
adjustment, impulsivity and clerical ability. The high-accident group scored reliably higher
on measures of alcohol/drug use, and on one or more measures of personal maladjustment,
social maladjustment, impulsivity, and clerical speed/accuracy. The'discriminant function
was able to correctly assign 42 of the 46 matched subjécts (i.e., over 909%).

3. In a second validation study comparing new groups of high and non-accident young
drivers, the discriminant function from the original study correctly assigned 12 of 14
matched subjects (i.e., over 85%). This studysubstantiated the validity of these measures of
social and personal adjustment, at least for the type of young licensed drivers studied.

4. Results of the original and validation studies were combined and furthef analyzed,
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"+ providing.a total N-of 60 licensed college freshmen, ages 18 and 19. Resuvl"t‘s,f‘rom these
" “analyses are consistent.with the idea that personal maladjustment (i.e., problems with one’s

. self) and 'social, maladjustmcnt (ie problems with society) are related to accident

‘involvement. To a lesser extent cogmttve abilities (e.g., clerical abtlmes) and tmpulsmty are

~. -also related-to accidents. -

s, In a separate analysis, a compartson was made between drrvers_pudged to have committed

“an error and those who were crror-free. It was found that drivers'who had ‘committed errors
tended to score hrgher in ‘both personal and social maladjustment (i.c., were. more
maladjusted). In a subsequent analysis, scores were compared among drivers-who had
committed a recognition error, a non-recognition error, or were error-free. Marginally
reliable differences were obtained, with the no-error group scoring best on personal and
social adjustment, while the “other-error™ group scored worse than the recognition error
group. Thus, the scales tested werg not able to predrct type oferror but did appear related to
accrdent causation.

i+ A subsequent analysrs was’ performed to better determme the relatronshrp of these “dnver
profile scores” to specific types of driving errors. This analysis showed that:

.. -# Drivers who were,crted for any causative human factor, espec1ally a human

‘condition/state, alcohol-impairment, or inattention, were more personally malad_]usted
than the no-error controls One hypothesrs is that personal problems may preoccupy or
distract the dnver : -

. e Dr1vers commrttmg almost any error especrally recogmtton and decision errors (and
_possibly those cited -for alcohol-impairment), were more anti- socral than controls.
Possrbly socrally maladjusted drtvers may make a conscious decrsron to drrve more
reckless]y '

e Drrvers c1ted for causal]y-rclevant alcohol- tmpalrment tended to lack impulse control.

These three. scts of fmdmgs suggest that personal maladjuatment social maladjustment
o ,‘and lack of 1mpulse control mayall be factors underlying accident involvement by reason
.. of alcohol impairment, Further [research is needed to clarify this point.

Recommendations

. Results are highly eneonraging for the idea that high accident drivers differ from no
accident drivers, as -a group, and are promising in their support of several theoretical
: notions concerning the differences. This is true despite the Jast three of these related studies

: . being based on information which had been previonsly‘collected in the course of in-depth

. (Level C) investigations. (Existing questions on the in-depth human factors form were used
. to form.ad-hoc scales for measures such as personal and social maladjustment). This leads
to the recommendation that the five-step sequence as proposed in the text be pursued.
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2. A recommended next step would be initiation of a prospective study in-which an entire
battery of questions specifically designed around these scales are given to a stratified,
representative sample of the general driving population, for comparison with data on their

- previous crashes and violations. The fifth and concluding step would involve a major study
in which the entire revised battery is administered to a representative sample of accident-
_ involved drivers, in order to examine in detail the extent to which different types of accident
..causing behaviors are related to different basic human traits. A follow-up study would then
.monitor driver records for. a future penod to determme the_predictive vahdny of the

‘ ‘measures used.

6.2.1.4 Section 2.4: Driver Characieristics and
Culpability

1. In this section, accident-involved drivers which IRPS investigators assessed as having
committed errors (i.e., “culpable drivers”), were compared with non-culpable accident
drivers in terms of their age, sex, drlvmg expenence vehicle famlllanty, annual mueage
and road/area famlhanty

2. Based on this analysxs, it was found that for both men and women, culpable dnvcrs had
) sngmficantly less road/area famnhamy lhan dxd non-culpable drivers.

3 Non—culpable men, in addition to having sngmﬁcantly more road/area familiarity, were
characterized as having more familiarity with their vehicles than would be expected for their -

~ age, and as being between the ages of 35-54. Culpable men were characterized as having
little road/area familiarity, having less familiarity with thexr vehicles than would be
expected for their age, and as being either young (15 to 19) or old (over 64). -

4. In addition to having significantly more road/area familiarity, non-culpable female drivers
were characterized as having more driving experience than would be expected for their age,
and as being either over'54 or between 35 and 44 years of age. Culpable female drivers were
characterized as having little road/area familiarity, an intermediate (moderate) level of
driving experience for their age, and as being either under 25 or between the ages of 45 and
54, ‘ :

Recommendations ‘

This analysis has bcen conducted in such a manner that differences between drivers arising
out of relatively uncontrollable risks (such as annual miles traveled by the different groups)
" have been controlled for, so that the differences which remain can be assumed to be
~ accounted for primarily by “unsafe driving practices.” It is therefore recommended that
drivers be provided withinf ormation sufficient to let them know if and when theyare falling
into one of these unsafe, “high culpability” groups or situations, and that further research be
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" conducted to'determine’ exactly what kinds of dnvmg behavrors or practrcesrare mvolved
leadmg lo the increased nsk 4 - IR : :

‘3 6.2.2 Section 3.0: Sbeciol Analyses Human, Vehicular,
-and. Environmental Characteristics in Academ Causauon

6. 2. 2 I Secnon 3.1 Cluster Analysis 7‘

1. ln this section, mformatron regarding a sample of 353 of the dnvers/vehlcle units involved

in accidents investigated in-depth (Phases I1-V), were used asinputs to a cluster analysis. In

- this manner, the’drivers which were most similar on the basis of causation variables were.

grouped togcther and differences between groups in'terms of other vanables (suchas driver
knowledge, vrsnon and personal ad_]ustment), were measured

2.- Results of the cluster analysrs of the causal hierarchy indicate that thei mvesttgators used the .
. hierarchy consistently, in that there were clear: groupmgs or clusters of drivers/vehicles.
.. These “natural” groupings tended to set apart drivers in terms of whether they had made
decision errors, recognition errors, or were “not-at-fault,” and. in terms of whether
environmental factors or human conditions and states had been assigned-as causally-
relevant to them. This pattern is consistent with the causal factor hierarchy. While the initial
groupings were produced using 353 drivers from the in-depth file; in 14 separate random
samplings. of 200 driver/vehicle units from the on-site file, a srmtlar cluster structure

consrstently emerged (up to and including the five-cluster level). R

3. Comparlsons were made between a number of the clusters, in order to measure dtft’erences
on additional descriptors which had not been used in the formanon of the clusters For
example the members of the largest cluster (n = 133), none of whom had commttted any
assignable error, were compared with combined members of the seven remaining at-fault
clusters. Significant differences were identified for nine of the 29.variables compared; for
example, members of the not-at-fault cluster scored significantly better in terms of both
dynamic visual acuity and social adjustment. Differences were not significant with respect

~ to driver knowledge test score, reaction time, socio-economic status, personal adjustment,
alcohol usage, prior driving record, or age. On the other hand (as might be expected from
the discussion on the confounding of age and vision in Section 2.1 of Volume I, the not-at-
fault drivcrs scoréd more poorly on static acuity and, unexpeetedly, on impulse control.

4. This and other inter-cluster compansons demonstrated that the grouping of drivers into
such clusters was informative in terms of addmonal drtver attnbutes not used inthe process
of derrvmg the clusters. . :

¢ Further analyses have been conducted regarding types of unsafe driving practicés associated with these dnwer
_groups, as a part of the “Tri-Level Study of the Causes of Traffic Accrdents, Modification for Speclal Data
Analyses Task 4.” - o
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. 6.2.2.2 Section 3.2: AID Analysrs

. Inthe.automatic interaction detector (AlD) analysrs, the absence or presence of a vane'v of
causal factors was the dependent variable, and the. mdependent vanables were lO selected
driver demographic and environmental characteristics,

. Based on the AID analysis, road/area familiarity emerged as an extremely important
‘ variable; the human factors summary, a variable thatindicates whether or not a particular
* driver was identified as having committed any attributable error, split first on the road

familiarity descriptor, indicating that this was the most important descriptor in
. differentiating drivers who made errors from those who did not. One or more human causal

- factors was assigned for 69% of those who were unfamiliar with the road (i.¢., drove it less

. than once per week), but for only 53% of those who drove the road once per week or more
. frequently. S . . B

. The most frequently implicated human causal factors in the IRPS hierarchy were divided
between either of two broad categories — recognition errors or decision errors. With
recognition errors as the dependent variable, the sole split occurred (as for the human
factors summary) on the road familiarity.variable, with drivers who were more familiar with
the road being less likely to have committed a recognition error, With decision errors as the
. dependent variable, however, an entirely different split. occurred based on traffic volume at

-the time: of the accident; decision errors were cited for 36% of the drivers who had accidents

- in‘“light traffic,” but for only 27% in moderate or heavy traffic. However, as one might

expect, decision errors were cited more frequently among drivers who were unfamiliar with
" the road. In addition, drivers between the ages of 25 and 64 were much less likely to be cited
for decision errors than elther young drivers or drivers 64 and over. Since the “excessive
g speed” category comprises a large proportlon of all factors occurring under the decision
errors headmg, the rationale for the excessive speed split in large measure explams the
decrslon error spllt (see below)

4. For the most frequently mphcated causal factor — 1mproper lookout —- road l'amxhamy‘
- . and driver age were close competltors to split the overall sample, with road familiarity

- actually producmg the split. Drivers who were unfamiliar with the road, or who were 65

- years of age or older, were substantrally more lrkely than other dnvers to have committed an

. . improper lookout error.

. For the second-ranking causal factor — excessive speed — the initial splrt occurred for
traffic -volume (as it did for the decision errors category of which it is the largest
component), with excessive speed being cited for slightly under 59 of drivers in moderate or

heavy traffic, but for. nearly 149 ‘of drivers in light traffic. This result could. have been

anticipated, since it is consistent with conditions which provide an opportunity to speed. In
addition, young drivers were found nearly three times as likely as drivers 20 or older to be
. cited for excessive speed; males were twice as likely as females; less experienced drivers
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(those with two years-or less driving experience) were roughly two and one-half times as

- likely as more experienced drivers; and those who were relatively unfamiliar with their

- vehicle were roughly twice as likely as those who were more familiar.

. For vehicular causal factors overall, the pdSsible initial splits were pavement condition (dry,

wet, snow, slush, or ice covered), precipitation intensity, driver age, and driving experience,

" with the split actually occurring for pavement condition; vehicular factors were cited as
causes in 8.0% of accidents occurring on “wet” pavement, compared to 3.5% in accidents

occuring on “dry, icy, or showy” pavement. The high identification rates for wet pave-
‘ment and precipitation are consistent with the fact that a majority of the vehicular factors

_were related to either tires or brakes — problems - which would be greatly intensified by
- environmental factors that might increase stopping distances or reduce traction laterally.

Recommendations

. Low road familiarity appeared related to the commission of a broad range of human causal

errors, and further research is warranted to better identify reasons for this problem, as well
as ways to alleviate it. For example, it might be possible to identify discrete components of
familiarity in perceptual and behavioral terms, leading to design of training programs
which would teach drivers to learn more rapidly the relevant information from a new road.
Equally, new signing and/or roadway design requirements might be desirable, to better
“cue” drivers as to roadway alignment changes and related needs for speed adjﬁstment.

Other 'aspects of the problem may lie in either program management or funding. For

example, it may be that an adequate system to identify locations needing warning signs, and
to periodically check these locations and perform needed replacement or maintenance, has
not been provided. In other cases, the need may be known but funds may not be adequate
to prov:de such signing.- ’ :

Even with 2,433 accxdent driver/ vehicle combinations (with no missing data) ai}ai]able from
the IRPS on-site investigation level for this analysis, the decomposition of the sample into

- subparts quickly produced relatively small groups of interest that could not be adequately

studied or further decomposed due to their small size. It is therefore important that future
national data collection efforts incorporate an easily and consistently applied “causal
assessment” scheme to aggregate additional cases and thereby increase the ablllty of

'researchers to analyze relatively large subgroups of these categories.

6:2.3 Section 4.0: Motorcycle Acéidents and Causes

In this section, three separate analyses were conducted: (1) an assessment of differences
between accidents involving motorcycles and those involving other types of vehicles; (2) a
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comparison of the 52 motorcycle accidents investigated by IRPS as a part of the “Tri-Level
“Study” with" those reported state-wide by the Indiana State Police in 1973; and (3) an
analysis of the 52 accidents investigated by IRPS in terms of causes assessed for both the
motorcycles and the other involved vehicles.

2. As compared to rcponed accidents involving other types of vehlcles motorcycle accxdents
were more frequently single vehicle, rural; and non-intersection; occurred more frequently
during the warmer months and on weekends; were more likely to occur ‘during the
afternoon or evening (rather than in the morning or early morning hours); more frequently
occurred on dry road surfaces; and were more frequently injury-producing. The accident-

- ‘Involved motorcyclists were younger than drivers of other accident-involved vehicles, and
were more frequently male. However, .there was no recorded difference - between
motorcyclists and other acc1dent-mvolved drivers with respect to the (pohce-recorded)
presence of alcohol. ‘ r .

3. The 52 motorcycle accidents investigated by IRPS durmg the five yearly study phases were
* representative of all 1973 Indiana State Police- reported motorcycle accidents with respect
to accident configuration, severity, place of occurrence, month, day of week, time of day,
. road surface condition, and light conditions. IRPS accident-involved motorcycllsts were
representative with respect to sex and presence of alcohol, but overreprcsented the 20-34
.year age group, and underrepresented motorcyclists less than 20

4, Primary - causes assessed for the 52 motorcyclists were human dec151on errors and

env1ronmental factors. The most frequent decision error was excessive speed, followed by

false assumption and i improper driving technique. The most frequent environmental factors

** for motorcyclists were.view obstructions (e.g., hillcrests and sags) followed by sllck roads
" and special hazards (prlmanly non-contact vehicles). :

5. Other motorists in motorcycle accidents (1 €., dnvers of other vehlcles whxch colllded with
motorcycles), were most frequently assigned recognition errors (1 e, failureto recogmze an
oncoming motorcycle), decision errors, and environmental factors. ‘Many recognition
errors occurred when entering a travel lane from an intersecting street or alley These

" involved mattentnon to other traffic, 1mproper lookout, and “other dclays in perception.”
Another frequent recognition error was internal distraction (e.g., conversation with a
passenger). The most prevalent decision error was improper mancuver (¢.g., turn from
wrong lane), while view obstru uons (e.g., other parked vehlcles), were the most frequent
environmental causes. R

6. As compared to all other accxdent-mvolved drivers, motorcychsts in the IRPS sample were
less frequently cited for human errors, made sngmﬁcantly fewer recogmtlon errors, and had
fewer accrdent-causmg vehicle malfuncnons

7 On the other hand as compared to aceldent-mvolved dnvers generally. the drwers of
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vehicles striking motorcycles in the IRPS sample were more frequently culpable, made
significantly more recognition errors, made significantly fewer decisiori-errors, and were
less likely to be affected by adverse physiological/psychological states (e.g., alcohol
impairment was less frequently involved than for accident-involved drivers generally).

. In summary, a major problem is that. other motorists often .fail to see oncoming
motorcyclists, particularly at intersections. The striking “other vehicle” driver is less likely
to be involved by reason of alcohol-impairment than are accident drivers generally, while
for motorcyclists it appears that alcohol involvement is neither more nor less frequent than
for accident drivers generally. ‘ ‘ ‘

Recommmendations

Obviously a much larger data base than the 52 motorcycle accidents examined by IRPS
would be required to confidently list the related problems and to provide adequate guidance
to such countermeasures as driver education, vehicle inspection, or vehicle design.
However, these results can be used to help inform motorcyclists of the danger that other
drivers will fail to see them, and to underscore the importance of keeping the headlight on,
. wearing highly visible clothing, and decreasing speed at intersections.
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..~ APPENDIXA - .
" SCATTER PLOT DIAGRAMS

Test-retest scatter plots for each of the DVT measures used

in the reliability analysis.

Notes:
1. * In all cases the ordlnate value represents the 1n1t1a1
test score and the absc1ssa represents the retest scores.

2. The - numbers w1th1n the plotsvrepresent<the numberrof‘
cases with a given test retest score combination, and
an asterick represents a single case,
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[NDTANA UVIVEAS]TY--INSTITYTF FOR RESEARCH [N PUBLIC SAFETY=- - 15/01/29." ’AQE 10

FILE ~ DvP)
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6.0
76.90
72.00

70.00

(COEATION DAYE = 75/01/29.)  OYNAMIC VISION TEST~RETESY RESULTS S Co -
IF - (DIAN) VAR Q40 FIELR OF VTSION-LEFT . {ACROSS) VAR092 - FIELD OF VISION-LEFT RETEST
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TNDTANA UNTVERSITY--[NSTITUTE FOR RESFARCH IN PUALIC SAFETY--- : . Tss01/29, PAGE L1
FILE- OVI)  ({CAEATIAN DATE s 75/01/29.)  OYNAMIC VISION TEST-RETEST RESULTS I )
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INDIANA UNIVEISITY-=INSTITUTE FOR RESFARCH IN PUSLIC SAFETY~= . M . 75/01/29. PAGE 12
FILE ovT (CREATION DAYE = 75/C1/29.) DYNAMIC VISION TEST-RETEST SESULTS C ’ o

sV

SCATTER%GI4av NF (NNANY VARO43 D A AND 1 35 9FEG ANGLE-TOTAL {ACRCSS) VARO9 0 A AND I 3% DEG ANGLE—TQI’AL RETEST™
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r 1
] 1 - 1
4 1 LA
I I
8,50 -+ * 8a59 .
- l l el
1 1
1 1
t I
T.40 & S 2 Te 40
1 1 a
| S 1
! I
. r . 1 ., .
6230 v y ca 6.30
T . 1
1. L] 1
1 1
1 1
5,20 + - * 5.20
I 1
I 1
1 - I
I | 1!
410+ . 4.10
1 R -1
1 B : i 1
1 1
© 1 . 1,
3.00 * . » P + 3.00
e e e it S e R g e e ey = [3 + * o
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INDTANA UNIVERSITY-~INSTITUTE FCR RESEARCH IN PUBLTC SAFETY--

75/01/29. PAGE 14

FILE © DVID . [CREATION NATE = 75/01/29.)  DYNAMIC VISION TEST-RETEST RESULTS -
SCATTEIGRAM IF  (MWN) VAQ4T 0 A A%NO T 35S DEG ANGLE=RISHT . (ACROSS) VARO96 D A AND I 35 DEG ANGLE-RIGHT RETEST
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eLs DVID | (CREATINM DATE = 75/91/29.) DYNAMIC VISICN TES-T-RETEST lRESULTS -

SCATTEAGRAY 1F {774N) VAR Q49 STATIC ACYITY N1 GLARE-LOW LEVEL {ACROSS) VAROSS8 STATIC ACYITY NO GLARE-LOW LEVEL RETES
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e e bl R D e L e Y 3 + + + ot pm - e e - —— -
4432 » . ‘ = + 4e32
. t I
1 I
H 1
I 1
4.09 L] .2 -+ 4.09'
t 1
T, 1
1 2 2 . .l
-3.86 ¢ - - 3.86°
. 1 1 .
! 1
1 - I
T T -
3.62 . e 2 L] 2 + - 362
1 1 o
1 i
1. Y
1 v
3.39 o + ' 3.39
: L
» . * » 1-
z 4 T,
1 1 .
3.16 » * 3.1%
1 1 .
1 * 2 s . 13
' I
! 1
2.93 ¢+ + <93
t ' 1 -
1 1
I 4 4 . 3 L] ° I
T 1
2,70 + - + 2.70
1 I -
1 I
1 2 L . 4
1 ° 1
2.66 ¢ * 2.46
t 1
1 t
1 . H
te 2 1
2.23 ¢+ + 2.23
t - -1
! I
1 f
! 1
2,00 s+ E R i . 7 . . L . . 2.00
O B e el R e el T e At e e Rt e e e e el St Y
2.32 2.52 2.72 2.92 3.12 3.32 3.52 3.72 3.92 4.12 4,32

PLATTED VALYTS = 51 EXCLUNED VALUES- 0 MISSING VALUES = 0o
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FILE DVTD

6V
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SCATTEYGRAM OF (0JWN) VA B5)

75/01725.)
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‘15701729,
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INDIAMA UNIVERSITY--INSTIYUTE FOR RFSEARCH IN PUBLIC SAFETY=— . ... . . .- ' .15/01/29. .. PAGE . 18. —
FILE  DvTO (CREATION DATE = 75/01/29.)  DYNAIC VISION TEST-RETEST RESULTS

SCATTE2GAY OF {NNWN} VAR0S2  CENTRAL AMGULAR MNVEMENT-TOTAL (ACROSS) VAR100  CENTRAL ANGULAR MOVEMENT-TOTAL RETEST
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FILE ovrd (CREATION DATE = T75/01/29.] CYNAMIC VISION TEST-RETEST RESULTS ) -
SCATTERGRAY OF (NOWN) VAR D53 CENTRAL ANGULAR MDVEMENT-THRESHOLD {ACROSS) VAR1O CENTRAL ANGULAR NMAVEMENT-THRESHLD RETE
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. P e T e LRt DE DL E P P T 2 + & + + + + + + . * o .
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INDIANA UNIVERSTTY-=INSTITUTS FDR‘&E$EARCH IN fyﬂLYC SAFETY== . 15/01/729. PAGE 20
FILZ ovTo (CREATION.NATE "2 75/01/29%.) - 'DVNAMXC VISION TESf—RETEST RESULTS v .

SCATTERGRAM JF  (DOWN) VAROS% CEMTRAL MAVEMENT INDEPTH-TOTAL 3 { ACRCSS) VAR102 CENTRAL MOVEMZINY INDEPTH-TCTAL RETEST
14.30 14.90 15.50 16.10 16.70 17.30 17.90 18.50 19.10 19.70
PRI CET I R LRSI DL LDl Sttt LD g 2 + + 4 ——— + + ===t
20.00 4+ .- - 2 3 + 20.00
o T
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1 1
19.10 + + 19.10
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18.20 + + 18.20
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o v !
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PR 1 R
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g T
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R 1 L
1 t
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1100 +o ’ T e e § P
- P ] L S Y Sy S ST Tt I Y ———- D il et L T S P P O Y . '
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PLOTTED VALUES = st FXCLUNED VALUES'Y 0 M[SSIN& VALUFS = [}
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E£ILE  OVID [CREATINN OATE = 75/01/29.) - DYNAMIC VISION YEST-RETEST RESULTS ‘ ’

SCATTEIGRAY OF {DOWN] vA2055 CENTRAL MOVEMENT INDEPTH-THIESHOLD SMALL (ACROSS) VARL103  CENTRAL MOVEMENT INDEPTH-TH SMALL RETE
1.1% 1.45 - 1,75 2.05 T 2.35 2.65 T 2.95 3.25 3.5% 3.85
T L e e R g + * + -+ ~— + R e e ]
6.00 = . i + 5. 00
t I .
1 1
1 4
1 ’
5.50 ¢ 4+ 5.50
1 . 1 .
. I 14
' i
T 1
5,00 + + 5.00
B | 1 -
T I
1 1
. 1 1
4.50 ¢ . 4.50
- 1 1 .
1 -1
1 1
t I
.00 » + 4. 00
S | . | { P
> 1 1
— I 1
w L4 1
3.50 ¢ L4 * 3.50
a M | 4 .
1 I
[ 1
1 o
3.00 ¢ + 3.00
) 13 - * 1 -
1 1
T M
T f
2.50 3 . * - > 2.50
1 1 .
1 T
T 1
. 1 1
2.0 ¢ + 2.00
: 16 1 .
I )
T 1
1 1
1.50 + + 1.50
o H
| 4 i
I 14
t : - . . 1
T le02 +20 o L2 : 4 2 - 2 R e . 1.00
. PR e L N ket S R it Sttt 4 * » ——— [T [ e I
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FILE nNvTo

SCATTEX R AY "F (DNANE VAR I50 CINTRAL MOYTMENT [NDEPTH-THRESHIILD LARGE . {ACRNSS) VAP 104 CENYPAL MOVEMFMT TMDEPTH-TH LARGE RETE

1450 4

8.00

5.00

4.59

4.00

3.00

1.59

‘1.00

(CREATINN NATE = 15/01/29.) DYNAMIC VISTIIN TF§T-FEIEST RESULTS

1.20 1.69 2.00 2.40 - 2.40 3.20 3.60 . 4.00 4.40 4.80

B e LT T e L L Ty T L T i T et T O e T TP
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[
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e, T T N I e e R W)
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. . .
w
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.. T . P

- Sy G ARy PSP O

3 o L c2
PR T LR Y LR TR S P - *

1.00 - 1.40 1.80 . 220 2460 3.00 3.40 3.80 ot 4.20 4.60 5.00

- N

PLOTTED vALySS = 51 ’ EXCLUDEN VALUES~- Q MISSING VALUFS - 0

6.00
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/e CO
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ENDIANA UNIVSASITY=--INSTITUTE FJOA RESEAICH IN PUBLIC SAFETY--

FILE

ovTD

SCATTEGRAM

sI-v

4.49

2.74

1.87

SLATIEDN vaLuss -

PR O U U P e & L L T

(CREATIIN NATYE =" T5/7/01/29.,) - OYNAMIC VISION

"TEST-RETEST RESULTS

75/01/25. PRGE 23

IF {0JWN) VA2 063 OYNAMIC VISION ACUITY . (ACROSS) VAR1OS5 DYNAMIC VISION ACUITY RETEST
1.72 1.99 2.27 2.5% 2.81 3.09 3.36 3.6%4 3.61 4.18
Fmmm— e — g — —————p———— b ————k————————} +—— -4 b m + + + [ 38

ETY
1
1
1
1
.
T
1
1
L
o *
T I
1
1
I
-
!
1
1
1
7'0
1
1
|
1
+
1
-1
1
. 1
+
1
1
12 » 2 1
1 1
[y -
1 I
! 1
15 . 4 I
I 1
+* +
1 1
i 1
T4 [ S 1
1 1
+ +
I o . , 1
I . : 1
! N I
1 . : : S . !
. R ] B - o 2 - e
.r——-'ﬂ—'--—o--—At——--c»—A--t-—‘——}—-‘—}--——;----1—-—:-+‘-'---+——~—»-———‘+—~—-r----+--—-4——-—0-—-——0-——\——5----0.
1.58 .85, 2.13. . 2.40 L2468 2.95 3,22 3.50 - 3.77 4.05 . he32
51 EXCLUNED VALUES- 0 MISSTNG VALUFS = a

p——

4.49

4.20

3.03

2.16
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'APPENDIX B: SELECTED ERROR PATTERNS ON THE CENTRAL ANGULAR
MOVEMENT (CAM) TEST, AND THE THRESHOLD SCORED

The scoring difficulty is illustrated by the different patterns yielding the same score.

Error Trials

(Rate of movement - min. arc/sec)  Scored
Case Driver Run 256 128 64 32 16 12 8 . 6 4 2 . Threshold
202 2 1 ‘ : ‘ X | X ‘
: 2 : X 4
203 1 1 X X X 6
2 X ) X X .
205 1l 1 X X
2 ) 2. .
209 1 1 X X X
2 X 4
711 1 T X
: 2 x| x| x 8 .
214 - 1 1 X
) 2 4
214 2 1 X
2 x | x X 12
216 1 1. X X :
2 X 8
217 2 1 X X X .
: 2 X X X X 1,2

B-1



APPENDIX C: BASIC DEMOGRAPHIC QUESTIONNAIRE - ..

Name:

Social’ Security Number:. . . . -

vSex: o
o Male
__Female
‘Age:J”’” -
Years 0ld’ .
ééﬁeatibn:ﬂ ‘ -

. 1-7 years -

8-11 years.,

High School graduate

1-3 years of college

College graduate
Post-grad or profe551onal degree
Vocatlonal, techn1ca1 or business school

Major -current occupatlon- _Give jqbetitle and brief description

. ..of . work.

About ‘how much was your total famlly lncome last year?

under $3 000 :

$3 000 to 5, 999

$6f000pto 7,999

$8,000 to 11,999

~-$12,000 to- 14,999
515 000 to 19,999 S
. . $20, ‘000" to. 24,999 - .
$25 000 or more

'Whatlls your present marital‘status? .

Single

Married

Divorced or Separated
-Other:

S Y

Number of brothers and sisters you have?

Pl Bl



APPENDlX D: DRIVING RECORD QUESTIONNAIRE '

How long have you been driving? ‘ 'years

How many miles do you think you have driven in. the last
twelve month perieod? - miles

How many accidents have you ever been involved in (include
those in which you were not at fault)?

How many of these occurred in the last 5 years?'

How many occurred in the last year?

In how many of the total number of acc1dents that you have
been 1nvolved in were you at fault?

Briefly describe each accident you have been.in during the
last 5 years (in a sentence or two).and indicate whether
there was anything you did that helped cause the accident.

Accident 1: Description

'What was the.main cause of the accident (put two checks by
. the main cause, and one check by any lesser'important causes) :

I wasn't paylng attentlon,,so I didn't see the
danger until it was too late.
I was distracted by something, so I dldn 't see
the danger until it was too late.
I didn't .see any danger even though I thought .1
T looked.
"I didn't expec¢t the other drrver to do what he did.
I was going to fast. -
I was driving recklessly or 1ncorrect1y.‘.
I didn't evade the danger even though I could have.
I had trouble steering or controlling my car,
I was upset, under pressure, or in a hurry.
I was tired, not feeling well, or had been. drxnklng.
I was not familiar with the vehlcle, the road or
with driving in general. ‘ : '
Other (please specify):

!

' .‘

How much damage was involved.in the accident?

No damage
Damage under $200 -
Damage over $200

D-1



APPENDIX D Contlnued

How much 1njury was anolved?

No 1n3ury or minor lnjury ;
Injury requ;r1ng hospltalizatlon or repeated
treatments.: - L
Death

ﬁow many vehicles were involved? .,
'(Repeattfor'further“accidents‘)

How many times- ‘have you been t1cketed for any of the v1ola-
tions llsted below? o : : A

Speedlng over: the 11m1t
reckless driving
driving while 1ntox1cated
failure to observe a:'stop sign or light .
Other (please spec1fy all other tlckets except
. for parking):

R

. “How many times have you been ticketed for any of ‘the viola-
. tions llsted below, in the past year (1n the past 12 month'
‘ perlod)? C , :

Speeding over limit .

reckless driving

“driving while. 1ntox1cated

failure to observe a.stop sign or light
_other (please specify all other tickets except
for parkxng-

D=2



APPENDIX E: ALCOHOL-DRUG USE QUESTIONNAIRE

How often do you take tranqullxzers (prescrlptxon or non-
prescrlptlon)’ , :
About every day or every other day.

About once or twice a-week. .

“About once'to three time. a month.

About once to several tlmes a year.,“

Never. ‘ : , .

How many c1garettes do you:sﬁbke on_ an average‘day?»“

‘How often did you have any alcoholic beverage durlng the:
past year?.

About : every day, or every other-day. .

About once or twice .a week., - '

About once to three times a month.

About once" to several tlmes a year.»

Never. -

How many drinks;did you usually have on those days or on
those occasions when you drank? (By one drink we mean one
l12-ounce bottle pf beer, one coctall, one four ounce glass
of w1ne, etc | . .

'On an average day when I drank, ‘I drank about . drinks at
a 51tting. ) oo - e . :

El






APPENDIX F: PERSONAL ADJUSTMENT QUESTIONNAIRE

Recent Events
Put a check mark next to each of the events llsted below that

-happened to you within the past 12 months.

Got married, got engaged or started going with
someone steadily. ,

Got separated or dlvorced from w1fe or husband,

or broke-up with someocne.

Had disturbing trouble with chlldren, parents,
in-laws or other family member.

Had disturbing trouble with close friend.

Job promotion (moved to higher position at work).

Job demction (moved to lower position at work).
Troubles with boss or co-workers at my work. <(Or
trouble with teachers and fellow students at school.)
Fired or laid off from a job. (Or failed a course

in school.) IR

Had problems finding a job.

Started a new type of work, changed to a dlfferent
line of work or to a new job. (Or began new school,
graduated or quit school or changed school.) ,
Considerable improvement in financial situation.
Took out a new loan or mortgage.

Fell behind in payments for loan, mortgage or f1nance.
Death of a close famlly member :
Death of close friend.

Been very sick or injured (other than in car accident).
Thought of committing suicide.

Been in fight.

Been S0 angry you threw or broke things.

l |

Your Health
During the past year, have you suffered from any of the following?

Ulcers

Frequent headaches

Trouble falling asleep at night

Upset stomach, acid stomach, 1nd1gest10n, gasses,
heartburn, etc. ‘ .

Fainting spells-or dizziness

Frequent losses of memory

‘Attacks of nausea or vomiting

I sweat very easily even on cool days

My sleep is fitfull and disturbed .

There seems to be a lump in my throat most of the
time

My skin seems to be unusually sensative or itchy
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APPENDIX G: TESTS OF PERSONAL ADJUSTMENT

Think of your behavior over the past six months. Indicate
how often each of the following things characterized your

for the past six months or so. If it happened
almost never, circle l; if it happened sometimes, circle 2;

behavior,

if it happened often, cirCle‘3:‘if it happened almost always,

circle 4.

Almost Some-

Never times

e

o e

I )

N VIS V) ~N

R o

[ S S V) NN NN N oN

N RN N

W WWww w

W www

WW W ww

wWwww W W

[ [ - (-3

& B = e

L

LW

[ [ -

Often Almost
Always

Acted as if I had no interest
in things.

Was restless.

Just sat.’

Felt that people didn't care
about me.

Needed to do things very
slowly to do them right.

Got angry and broke things.

Acted as if I had no control
over my emotions.

Laughed or cried at strange
things

Had mood changes without reason.

Had temper tantrums.

Got excited for no reason.
Acted as if I didn't care

about other people's feelings.
Thought only of myself,
Was bossy.
Argued.

Got into fights with people.
Was cooperative,

- Did the opposite of what was

asked.
Cursed at people.



APPENDIX G: Continued = = “u oo 0T

Almost ° Some-~ Often Almost

Never times Always

1 R B R B fDellberately upset routlne.
1 2 3 4 - 'Was resentful.
1 2 3 4 Got annoyed ea511y. ‘ :
1 S 2 3 4 Was crltlcal of other people.
1 2. 3 4 L1ed ‘
1 20 3 4 Got into trouble with law.
1 t2 3 4 Stayed ‘away from people.
1 2. 3 4 Was quiet.
1 .2 3 4 Preferred to be alone.
1 2 3 4 . Behavior'was childish.
1 2 -3 4 Moved about very slowly.
1 2 3 4 Was very quick to react to

- something someone said or

‘ did. :

1 2 3 4 Was very slow to react.
1 2 3 4 Would stay in one position

for a long period.
1 2 3 4 Acted confused about thlngs,
‘ ‘ ' " in a daze.

1 2 3 4 Acted as if I couldn't get

certain thoughts out of my

. ‘ : mind.
1l 2 '3 4 Talked without making sense.
1 2 3 4 Refused to speak at all for

: ‘ ~ periods of time.
1. 2 3 -4 Spoke so low you could not

- : hear me.
1 2 3 o4 Talked about how angry I was

at certain people.

1 2 3 4 - Threatened to tell people off.
1 2 3 4 Said the same thing over and
, over again.
1 2 - 3 4 Talked about big plans I had
. for the future.
1 2 3 4 Gave advice without being asked.

Note - These demos are modified from the Katz Adjustment Scales.

G2



APPENDIX G: Continued

Circle Yes or No for each quéstion,

Yes

Yes

Yes
. Yes

Yes

Yes‘

Yes .

Yes
Yes
Yes

No
No
No
No

No

No .

No
No
No
NO

‘I find it hard to keep my mind on a task or Job.

I'certainly feel useless at times.
I work under a great deal of tension.

"My daily life is full of things that keep me

interested. .

‘I seem to be about as capable and smart as most
others around me.

Sometimes without any reason or even when thlngs
are going wrong I feel excitedly happy, "on top
of the world”. ;

I feel as good now as I ever have.

I enjoy many kinds of play and recreation.

I seldom worry about my health.

I have a good appetite.
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APPENDiX H: SOCIAL ADJUSTMENT ‘QUESTIONNAIR‘E |

How many thes have  you moved' from one residence to another in
the ‘past 5 years?.

How many‘years have'you‘lived at your present address?_

How many times have you changed jobs .(or schools) in the last
5 years? Lo ‘

How manysyears have you'been employed by your present enployer?

Are you. registered to vote? Yes ' ; No .
How many trmes have: you voted in the ‘last four years?

Do . you regularly attend church or. other rellglous serv1ces°
“"Yes ; No . ‘

When you were grow1ng up did- your parents regularly attend
church? Yes 3 No Ce ,

In all, how many organizations or clubs do you pay dues to?_

On the average, how many days a-mbnth do you spend’ at meet-
ings of clubs or organizations. to which you belong?

Membersh1 s ‘ ' .
- Try to think of all the clubs or organyzat|ons i ' o belong
"to at the present time, and indicate how active you are in.
‘each by checking things you have done in each organ1zatlon
"over the last five years.

o . I have I have " I have I have
Name of I am a gone to contributed worked on held an
Organization member meetings money or dues projects. office
Church : B
Social, fra-
ternal ‘or
charitable
club
Union or
"profe551on-
al organl-
zation
Political
party or
-organiza-
tion
Sports team .
or group

H-1



* APPENDIX H: Continued

(List any others .and lndlcate how active you are, e g.,‘church
organlzatlons, parent groups, scouts, . etc )

School ‘
Based .on your school experiences (junlor high and hlgh school)
how often dld each of the following events occur? . S

Event 1. Often 2. Sometimes 3. Rarely 4.Neve
Played hooky. C ' ‘ _
Wanted to drop. out.
Cut-up- and was sent to the’
principal's office. L
Skipped classes I didn't like. -
Enjoyed school.
Got Ds and Fs.
Was suspended. ‘
Had academic problems :
Received awards and honors.
Belonged to- school .clubs or teams.
Was well-liked. ‘
Had conflicts with my teachers.
Went out on dates.
Went to parties.
Was a loner.. -

General | ‘
Put a check mark oy be51de each of the followxng thlngs whlch
has happened to you. .

Regular c1garette smoker before age 17.°

Had a full time job be . (Excludlng Summer - jobs.)

Failed one or.more grades before grade 8.

Dropped out of school. . :

Was arrested before age 18, for somethlng other than driving.

Was arrested after age 18, for something other than driving.

Was convicted for some offense other than dr1v1ng.

Ran away from home as a child,

Have gotten into trouble for not paylng bllls, or w1th a
landlord over rent. : :

Ill'l

]



APPENDIX I: STANDARDIZED TESTS OF SOCIAL *ADJUSTMENT

A number -of controversral statements 'or questlons with two .

alternative answers are given below. ~“Indicate 'your per- .-
sonal preference by putting a check mark in front of the
‘answer that is most attractive to you.

1'

-TakLng the Blble as a whole, one should regard lt fromw

the point of view of its beautiful mythology and liter-
ary style rather than as a spiritual revelatlon.

"Yes

No

Which of the’ followrng branches of study do you expect“}
will ultimately prove more 1mportant for mank'ind? -
. Mathematics . - .
~ Theology

When you v151t a. cathedral are you more lmpressed by a -’
pervading sense of reverence and worship than by the
architectural features and stalned glass’ .

Yes ‘ :

No

All the evidence that has been impartially accumulated#7
goes to show that the universe has evolved to its ’
present state in accordance w1th natural pr1nc1ples}-ﬂ
so that there is no necessity to assume a flrst cause,
cosmic purpose or God behind it. :

I agree with this statement - e

I disagree with this statement

In your opinion, a man who works in business all week ‘-

can best spend his Sunday in -- -

' trying to educate himself by reading serlous books
or.go to an orchestral concert R
hearing a really good sermon

If you lived in a small town and had more than enough
 income for your needs, would vou prefer to' -

‘Help advance the activities of local rellgous groups
Give it for ‘the development of screntlflc research
in your locallty ‘

Assumlng that you are a pereon'WIth necessary ablllty‘:
and that the salary of each of the follow1ng occupatlons

is the same, would you: prefer to be

mathematician
clergyman



APPENDIX I: Continued -

8. Should one guide one's conduct accordlng to, or dovo]np
one's chief loyalltlos towards
one's rellqgoun-Caith
“ideals "of beauty -

Note-2A longef, standardized version involves all 45‘items
from the Allport-Vernon Study of Values.

Circle Yes{pr No for Each Question

Yes No 1. My way of d01ng thlngs is apt to be ‘mis-
: “* .- understood by others.
Yes No =~ 2. My parents have- often dlsapproved of my
: o friends.
Yes No 3. Before I do something I try to consider
o " how my friends will react to it.
Yes ' 'No ~ 4. I often think about how I lock and what
impression I am making on others.
Yes No 5. My table manners are not guite as good
B ’ ‘ at home as when I am out in cocmpany.
Yes No 6. I get pretty discouraged with the law when
o " a smart lawyer gets a ¢riminal free.
Yes No 7. Even when I have gotten into trouble I was’
' ' " usually trying to do the right thing.
Yes No 8. Even the idea of giving a talk in publlc
‘ ‘ makes me afraid.
Yes No 9. It is pretty easy for people to win

: o arguments with me.
Yes 'No - 10. I have often gone against my parents
‘ wishes.

Note-A longer, standardized scale consists of the following

items taken from the California Psychological Inventory,
" Yeés: ‘36, 93, 94, 156, 164, 170, 182, 184, 214, 257,

-+ 302, 327, 336, 338, 339, 345, 369, 385, 386, 393, 396,
398, 405, 416, 420, 428, 431, 435, 436, 444, 457; No:
62, 123, 144, 168, 180, 192, 198, 212, 223, 245, 284,
317, 323, 334, 367, 373, 389,394, 409, 429, 439. A
longer, standardized scale consists of 50 items from
the Pd scale of the MMPI. .



APPENDIX J: IMPULSIVITY QUES_TIONNAIRE"

Driving Cpinions

Circle Yes if you generally agree with the statement and No
if you generally disagree with the statement. . Try to answer
all questions.

Yes
Yes
Yes
Yes
Yes
Yes
Yes
" Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes

Yes

Yes

Yes

‘Yes

No
No
No

No
No

No .

.No

No
No

No
No

No

No

No
No

No

No
No

No.

No

No -
No-

No
No
No

No

I find driving a form of relaxation which I
use to relieve my tension.

Driving gives most teen-agers a feeling of
belng grown up. ‘
It’s fun to beat other cars at the getaway.
It's fun to maneuver through traffic. .

buring the past few months I have gone erV1ng
to blow off steam after an argument.

I feel pressure from people who have authority
over me. .

I find. it difficult to go slowly when there

is an open road ahead and the speed limit is
35 m.p.h. ‘

Driving helps relieve. pressure.

People are more likely to take chances if their
friends are in the car. -

‘It's fun to pass other cars on the hlghway

even if you're not in a hurry.

I drive dlfferently when other people are in

the car. )

It's a thrill to outw1t other drlvers.

Dr1v1ng in traffic is no fun.

It's a thrill to beat other drivers at the getaway.
Driving at high speeds gives you a thrilling
sense of power,

Most drivers should not be allowed to go over

60 m.p.h.

‘The desire for speed is.just like a disease.
- Most people would rather have a 400 horsepower

eng1ne in an old car than a low powered engine
in a newer car,

Carelessness causes more acc1dents than speed.

When I am upset, driving helps soothe my nerves.
Speed limits are not needed in open country.

If speed limits are reduced any more, we might
as well go back to the horse. :

I feel perfectly confident in my own judgment of
how fast to go under all conditions.

I'd rather have an old car with plenty of guts
than a newer model with less power.

There is something. about being behind the wheel
that makes cone feel bigger.

A good driver doesn't need the reminder of all
the too many road signs.

SR
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APPENDIX K: TESTS OF IMPULSIVITY

Circlé Yés or No. for Each Question :

Yes
Yes
Yes
Yes

Yes

Yes

Yes
Yes
Yes
Yes

No 1. I have never done anything dangerous for
the thrill of it.
No 2. I often act on the spur of the moment with-

out stopping to think. ‘
No 3. A person needs to "show off" a little now
and then.
No 4. I think I would like to fight in a boxing
match sometime. .
5. I often do whatever makes me 'feel cheerful
here and now, even-at. the cost of some
) distant goal.
No 6. I like to go to partles and other affairs
' where there is lots of 1loud fun.
No 7. I am said to'be a "hothead".
No 8. I keep out of trouble at all costs.
No 9. Sometimes I feel like smashing things.
'No 10. I consider a matter from every standpoint
before I make a decision.

No

Note-A longer, standardized scale conszsts of the following

items taken from the California Psychological Inventory,
Yes: 4, 20, 29, 42, 44, 48, 53, 54, 57, 66, 78, 81, 91,
93, 102, 104, 114, 115, 120, 132, 146, 151, 174, 173,
178, 183, 185, 191, 196, 208, 211, 231, 243, 248, 251,
257, 267, 275, 292, 294, 296, 297, 298, 300;.No: 149,
168, 174, 223, 276, 286. :

Circle a or b for Each Item

1.

3.

a. Many of the unhappy things in people's lives are
_partly due to bad luck. (X)

b. People's misfortunes result from the mistakes they
make.

a. One of the major reasons why we have wars is because

. people don't take enough interest in politics.

b. There will always be wars, no matter how hard peOple
try to prevent them. (X) .

a. In the long run people get the respect they deserve
in this world.

b. Unfortunately, an individual's worth often passes
unrecognized no matter how hard he tries. (X)

a. No matter how hard you try some peOple Just don't
like you. (X)

b. People who can't get others to like them ‘don't under-
stand how to get along with others..

‘K-1



APPEND]X K: Continued

5.

10.

- b

£ g,\ "

In the case of the we’l prepared student there is

-rarely if ever.such.a thing as an unfair test.
Many times exam. questlons tend to be so unrelated
’fto ‘course. work that studylng ‘is really useless. (X)

. Becoming a suécess is a matter of hard work, luck

" has little or nothing to do with it.

b.

 Getting a good job depends mainly on belng in the‘
_ right place at the right time. (XI o _

People are lonely because they don t *ry to be frlendly
There's not much use in trying too hard to please:
people; if they like you, they like you. (X) .~

What happens to me is my own. d01ng
Sometimes I feel I don't have enough control over
the dxrection my life is taking. (X) S

The average citizen can have 'an lnfluence in govern-‘
ment decisions. :

This world is run by a few people in power, and there
is not much the ‘little guy can do about ite (X)

As far as world affalrs are concerned, most of us

"are the victims of" forces we can nelther understand

nor control. (X)
By taking an active part in political and social
affairs the pecple can control world affalrs.

Note-A longer, standardlzed scale consists of all 29 items
~from Rotter's Internal- External Scale {Rotter, 1966)

- K2



APPENDIX L: TEST FOR CLERICAL ABILITY

Instrqctlons:

78695 76895

Below ‘are given pairs ‘of numbers.“ Put a
check mark between the' numbers-if’ thex are

not ‘the same.’ You ‘will-have 4 anut

67541 34621

8B961 88961
76532 76532

90754 20745.

6782368723

54289 54289
00651 ' 00671
21597 21957

etc.

L-1






APPENDIX M: IN-DEPTH
HUMAN FACTORS FORM



In-Depth Human Factors Form

In-depth Case Number. .  Drivers Name Number
Address Phone
' Date of Collision [/ / Time 1 AM PM
Location .
. ! * I
Interviewer
Date of Inte?view /  / ‘Pime s AM PM
DPA ONLY:
Location of Interview Date Rec'd
éhase and Array Number 5 .5 5 5. What was the highest grade that yo‘u‘c‘ompleted
‘ 71 %z T3 in school? o
Number of: Traffic Units per Accident - _ (1) 1-7 years
‘ : ©o. oW o __(2) 8-11 years
. (3) H.8. graduate
On-Site, In-Depth Flag’ _ (4) 1-3 years of college
. TE __{(5) College graduate
. __(6) Post-grad or professional
On-Site Case Number degree ]
%7 %8 69 TT __{(7) Vocational, technical, or
. . business school ' —
Traffic Unit Number 29
T 12 ) ]
) 6. Are you the main wage earner? .
Card Number i i '
: T3 1% (1) Yes (go TO ITEM 9)
DEMOGRAPKEIC CHARACTERISTICS NO
o - ’ ' -__(2) respondent's spouse
) _ (3) respondent's parentsg
1. Sex ST __(4) other (specify:
(1) Male
__(2) Female _ g0
18 -
7. what are you doing at the present time?
2. Age :
‘ ‘ Ts 77 |} __(1) Housewife
Date of Birth: Month _ (2) Student
o is 1% ~(3) Retired
— _(4) Other (specify:
Day -
: 20 21 ) -
31
Year . :
iz 13- 8. Do you have any kind of job - full-time
i or part-time - for which you receive pay?
3. Height (in inches ) _ . ; L ‘ )
: {in" em - } 28 23 (1) full-time (Type of job:
4. Weight - 1bs . - - )
' ' 26 27 28 _ (2) part~time (Type of job: .
(in kilograms = ) : y
(3) None _
- "

M-2



in-Depth Human Factors Form-

9. :Now, regardihq the main wage earner,
how are you (or is he/she) employed?
(Describe type of work

Professional, technical, and
kindred

Non-farm managers, officials
and proprietors

Farmers and farm managers
Clerical andé kindred

Sales workers

Craftsmen, foreman and
kindred

Operatives and kindred
Private household workers

_w

—(9) service workers

__(10) Farm labors and foreman

(11} Laborers, except for farm
and mine

__(12) Housewife

_(13) Student

(14) Other .(specify:

10. How long have you (or he/she) been
with the present employer? -

years (in months ]
How many different employers have you

(or he/she) worked for in the past five-
years?

11.

About how much was your total family

income last year? (List the combined
incomes of the principal wage earners
of the supporting household)

-
~

under $3, 000
$3,000-5,999
$6.000-7.999
$8,000-11,999
$12,000-~14,989
$15,000-19,999
$20,000-24,999
$25,000 or more

-~
[ 8]
~—

(7)

13. How many persons are liviné
on this‘income?‘

l4. What is your present marital
status?

single

married

divorced or separated
widowed

other (specify: )

, ?IA

- 15. How -many times; if any, have you
previously been married?

(L)
(2)
(3)
(4)

never been previously married .
once

two or more times

no response

16, Do you have any dependent children?

_ (1) yes
~_(2) no. (GO TO ITEM 17).

How many of thenm presently reside with
you in your home? - S

(1)
(2)
(3)
_(4)

none
one )
two A
three or more ' o

SN

7. In the last ten years, how many
times have you moved - moved from
one address to another?

(1)

[

never
once
2 or
4 or

(GO TO ITEM 19)

3 times
5 times
6 or 7 times
B or more times
no response,

move that you made?

PHYSICAL CONDITION-

19. Were you feeling physically
normal prior to the accident?

(1) yes
~_(2) no (explain:

20. How is your general health?

(1) excellent

21. Have you ever had a serious illness
pr injury that still bothers you?

(1) yes (explain:

__(2) no




In-Depth Human Factors Form

22. Are you disdbled or do ‘you have
any phy51ca1 handlcaps?

N

(1) Yes (expla:.n.

_{(2) No

23. Do you wear glasses or contact
lenses? e AT

_(1) Yes, wearing at the time of

accident

Yes, not wearinq at the time
of acc:.dent

No

(2

3

24. Is your driver's l:.cense subject
to any restrlctxons? -

(1) Yes, (specify:

2 (2) No

25.
the evening prior to the accident?

(1) Yes. . .
(2) No (expla.m-

26. How many hours of sleep d:.d you !
get?

hou.rs

127 Were you sleepy or drowsy at the
. tme of the accident?. -

L Yes (explain:

‘_'_(‘2) No

28. Were you féeiiﬁg ‘unu'sually tired or

fatlgued from your day's act:.v1t1es? ‘

) Yes (expla:.n.

(2) No

Did you go to bed at your normal. bedtime

PSYCHOLOGICAL CONDITION PR

29. Were you under any particulax
emotional strain before the
accident? . ,

(1) Yes (explain: _ -

;(2) No.

-~ ] . Cra twaee . . . PR - s’
] 30. pia you have any disagreements with
k a member of your family, a friemd,
or someone where you work before the
accident? .
__(1) Yes (explain:
R )
__(2) No . L —
. [T R
Which of the following wérds best‘ describes‘
how often you (had an upset. stomach) in the
past year: often, sometimes, rarely, never?
{Code 1, 2, 3 or 4, respectlvely and repeat
for each condxt:.on) B .o
31. _had an upset stomach P
sy
 32. _had‘headaches R
: Y
33. felt nervous or tense
LY}
"34. __worried” aboéut things’ ’
35.. __felt depressed vl
€

How often have you found the following things
to be annoying or troublesome: often 'sometimes,
rarely, or never? (Code 1, 2, 3, or 4, respec-
tively and repeat for each gondition)

36. _ Conditions where you work (or go
~to school, or-on last job if pre- i
sently unemployed) . ’ T,
: L2
|37..:__Conditions around the neighborhood - i
' .
3B. __Conditions around home’ at t.he
" present time o
Lo L34
39; _ Conditions around your home uhile
“you were growing up
) ‘66




| lﬁébépth LH‘u_m)an Factors Form

SOCIAL PARTICIPATION

: 48. In how many of the total number

GO TO 02

of accidents that you have been

40. Do you belong to any organizations
like civic groups, fraternaties,
church groups, unions, and so on?

_(1) Yes (GO TO SPECTAL FPORM, page 4A)
—(2) No

involved in were you judged at
fault?

accidents

49, Has your car znsurance ever been

cancelled?

DRIVING EXPERIENCE

.1 Yes (expiain':'

'41. How long have you beer driving?
years {(in months_ )

42. How many- miles do ya\i think that
you have driven in the last twelve- .

_(2) No

How many times have you been ticketed
for any of the following types of
moving traffic violations?

&

month period? B Never been ticketed
‘ (GO TO ITEM 58)-
miles ) -
- ' 50. . speeding over the limit
4 miles/100) — —— —
- o 0N 72
: ' o : : 51. _ reckless driving
43. Which of the following types of
driver training have you sueeess-'
fully completed? - 52. _ DWI
{1) no driver training
~_(2) high school course . S 53. _ other (specify:
__[3) college course ’ . ‘
__(8) private driver school )
__(5) other (specify:: ] ,
‘ )’ - How many times have you been ticketed
73 for any of the following types of .
moving traffic violations in the past
ACCIDENT/VIOLATION HISTORY year?
- ‘ o . Haven't been ticketed
44. How many accidents prior to this one in the last year -
have ° you ever been 1nvolved in ile o .
‘ driving? . . 54. _ speeding over the limit .
accidents —_— .
. : ’ . 7s 73 | |55. __reckless driving
45. How many of these oecuxted 1n the
- last § years? 56. _ DWI
accidents —_—
AR e 29 57. __other (specify:
46. How many of these accurred in . 9.
the last two years?
 aceidents — | I>8. Has your driver's license ever been
‘ ‘ o IR suspended or revoked?
47. How many of these occurred in _+(1) Yes (explain:
the last year? : S
. ),
accidents _ __(2) No ‘
0




In-Depth Human Factors Form

FINANCLAL

COMMITTEL

OFFICES

DIRECTIONS FOR USING THE SOCIAL PARTICIPATION SCALE

1.

3.

4,

NAKE OF .
ORCANIZATTION MEMBER ATTENDANCE CONTRIBUTIONS MEMBER HELD
1.
2,
3. .
4,
5.
6.
7. ) '
8.
9.,
Total the. number
of checkmarks (v)
in _each column
Ty Ty Ty. Ty Tg

List the organizations with which the driver and spouse are affiliated (at the preseﬁt»
time) as indicated by the five types of participation No.
It is not necessary to enter the date at which the person became a member

the schedule.

of the organization.

group,
organization.

1 to No.

5 across the top of

It is important to enter L if the membership is in a purely local
and to enter N if the membershlp is in-a local unit or some state or natlonal

An organization means some active and organized grouping, usually but not necessarily

in the community or neighborhood of residence, such as club,
political or professional or religious organization, labor union, etc.;

lodqe, business or
subgroups

of a church or other institution are to be included segarately provided they are or--

ganized as more or less independent entities, "

If appllcable indicate with a checkmark (/]

Record under attendance the mere fact of attendance or nonattendance without regard

to the number of meetings attended

If applicable indicate with a checkmark /).

Record under contributlons the mere fact of financial contributions or absence of .

contributions,

and not the amount. -

‘Previous memberships, committee work,’
recorded in computing,the final score.

offices held,

-etc,.,

and each office held as’5.

If appllcable indicate with a checkmark (v).

should not be counted or .-
Checkmark (v¥) current committees or cffices held.

 Final score is computed by counting each membership as 1, each attended as 2, each
contribution as 3, each committee membership as 4,

If

both driver and spouse are living together reqularly in the home, add their total
scores and divide the sum by two.

SOCIAL PARTICIPATION SCORE =

1

I - 2T +'3T + 4T + 5T,

3. 4 5

RETURN TO PAGE 4,

DRIVING EXPERIENCE

M-6




In-Depth Human Factors Form

VEHICLE FAMILIARITY

65, __power train

59. Is the accident vehicle your ‘
primary mode of transportation?

(1) Yes

{GO TO ITEM 60)
TNo -

" If NO, what type of vehicle do you
nornally drive? )

Year Make
Mode1l:
_:(2) Pull size (Buick Electra,

Chevrolet Bel Air, etc.)

. (3) Intermediate (Chevelle,
' Charger, etc.)
__(4) Compact (Dart, Nova, etc.) _
—_(5) Subcompact (Vega, VW, etc.)
(6) Sports Car (MG, Corvette, etc.)
(7) Light truck (Pickup, Van)
(B) Multipurpose Utility Vehicle

_.(8) other (bicycle, etc.)
(10) Don't usually drive

(e.g., Jeep, Scout, Blazer, etc.)

) 15 36
60, How 1ong have you driven the
accident vehicle? .
years (in months ) — e —
. ' ) ] H L]
61. How 'maz:-ny miles have you driven it
in the last twelve-month period? '
miles
( . miles/100) o
o 80 a1 a2 &3

66. __ steering

€1,

_suspension

'689. __other (specify:

Did the vehicle have any unrepaired
damage from previous accidents?

69.

(1) Yes (explain:

_(2) No

70. How do you determine when your
vehicle will be serviced?

(1) mileage-per owner's manual
—(2) mileage-per own judgment
__{3) when a problem arises
__(4) when maintenance person suggests
a need
(S) no particular method

(s ) other (specify:

"71. How ma‘nyv miles do you think you

VEHICLE CONDITION

have driven since any of your brake
shoes or pads .were last replaced?

62. Has your vehicle ‘had any repairs
or new parts in the last 6 months?

_(1) Yes
~(2) No (GO TO ITEM 69)

If YES, which of the follewing components
was (were) affected? (Check all that ’
apply and specify work donel)

__brekes

63.

64; __tires.

(1) neéver replaced (GO TO ITEM 76)
(2) less than 10,000 miles

(3) 10,000 to 25,000 miles

(4) 25,000 miles”or more -

(5) don't know .

Wh:.ch shoes or pads were replaced?
(Check all that apply’)

72. __left front

73. __left rear
74. _ right rear

75. __right fromt

]
[

P

1
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In-Depth Human Faéton Form

How long has each of your tires been in
its present position? h :

76. Left front

less than 10,000 miles
10,000-25,000 miles’
more than 25,000
don't know '

Left rear

less than 10,000 miles
10,000-25,000 miles
more than 25,000
don't know =

‘ 78. Right rear

less than 10,000 miles
10,000-25,000 miles
more than 25,000
don't know

79. Right front

(0

(2)
(3)
(4)

less than 10,000 miles
10,000-25,000 miles
more than 25,000
don't know

80. Do you think all of your tires
have sufficient tread?

__(1) yes
— (2} no (explain:

__(3) don't know

81. When were your tire pressures last
checked?

(1

_ 2

™
L))

within the last week

more than a week but less than
a month .

more than a month

don't know

82. Was there any part of the vehicle
that was not working properly
immediately before the accident?

(1) Yes (explain:

__(2) No

’__(1)‘Yes {explain:

B3. Was there anything in particular
about the vehicle which may have
contributed to the accident?

__(2) No

TRIP/ROADWAY .

84. Where did your trip originate?

- home
work
shopping
school
. recreation
friends or. relatives
restaurant
pexrsonal business .
(9) cocktail/bar/wet party
(10) other (specify: -

o~~~
W~ W
— et e

85. What was the intended destination
of the trip?
(1) home
work
shopping
school
recreation
friends or relatives _
restaurant
personal business o
cocktail/bar/wet party
(10) other (specify:

— i~~~ o~ —~
WoIhuiawn
—p e At et o N Nt

what was the purpose of this trip?

Approximately how far was the intended
trip (origin to intended destination)?

miles

(in kilometers ‘ )

What time did you depart?
AM/PM

time )

(24hr.

M-8




InfDepth Human Factors Form-

How long did you expect the trip to
take? E

90. Were you wearing . a seatbelr. at f.he .
time of the accident? .

(1) Yes (GO TO ITEM 91)
" No

78 7.7 ) . .
How long a time were you in the If NO, which of the following best
car before the’ accident happened? describes your reason for not using
- . a seatbelt? .
Ts 7 _(2)' not available
o ’ __(3) inconveinent to use
86. How 1ong have you been dnv:.ng in __(4) uncomfortabel
this general area? ) — (5) forgot
__(6) not in habit '
years GO TO 03 (7} used only when traveling
T7(8) don't believe in using them
{in months ) I (explain:
I s Te 17 .
. )
87. How often do you drive the reoad (9) other (specify:
on which the accident took place?
__(1) daily . EXRET]
__(2) twice weekly L ' .
(3) once weekly 91. Were you wearing a shoulder harness '
__(4) twice monthly ' at, the time of the accident?
_(5) once monthly
—(6) very infrequently, __(1) Yes (GO TO ITEM 92)
__(7) first time on road = . : " Wo ‘ .
Te: : ) s '
' ) ’ If NO, which of the followlnq best
88. Were you confused in any way by the - describes your reason for not usan
roadway or control devices? a shoulder harness?
__(1) Yes (explain: i _(2) not available '
: : 7(3) inconvenient to use A o
aa —_(4) unconfortable
—(2) No ‘ _(5) forgot
: - T8 1 77(6) not in habit
- _ (7} used only when traveling
RESTRAINT USAGE __(8) don't believe in us:l.ng them
— - (explain:_- .
89. Is your vehicle equipped with - ' )
adjugtable head rests? . __(9) other (specify: '
(1) Yes (speclfy their pre—crash )
adjusted posztion 23 2w
) 92, Is your vehicle equ:.pped ‘with a safety
_(2) No — ~belt interlock system?
20 : .
(1) Yes (GO TO SPECIAL FORM Pagé'n)
_(2) o _




In-Depth Case

Safety Belt Interlock System

Traffic Oait

Number : Number :
-PA_R'I‘ 1 - VEHICLE INSPECTION How was the system defeated? Unknown
1. Was the interlock system operational 17. Unable to defeat the system (G0 TO
before the crash? TQUESTION .36) ;_r
- °
__(1) Unknown ' 16. __ Wired- arou.nd the system to.-the .
~(2) Yes (Disregard remaining questions sta.rte: ‘ —
in Part I) . 31
_(3) No 19. _ Disconnected the buzzer —_
T K } [}
2. Was any part of the syste.m intentjonally 20. _ Shorted the seat sensors —
- defeated? [0
21, _ Tied t.he belts in knots
(1) Unknown ) T
(2) Yes 22. Permanantly buckled the belts _
(3) No (GO TO QUESTION 10) "
: ' ™ 23. Tuck the belts under t.he carpet
If intenticnally defeated, in what mannar. TTafter starting the car
was it done? 1.
Unknown 24. _ Buckled .the belt behind occupant
. “after starting the car _—
3. __Belt buckled behind occupant 1?7
: T 25. __Cut the shoulder belt —
4. __Lap belt cut . . i
™ 26. __Cut the lap belt —
5. __Shoulder belt cut ‘ ’ 3
. ) . T 27. _ Altered the logic mechanism '
6. __Buzzer rendered inoperative - (If yes, explain) H
. o . } Q)
7. __Logic mechanism altered 28. Othen —
T . 81
8. _ Logic mechanism by-passed by :I.qnition ¥ho accomplished this? .
“eircuit . ’ Unknown
Tz
9. _ Other (explain): 29. _ Driver
b2
10. If guestions 1 and 2 were negative, 30. __Owner (not driver) _
describe failure mode of the system. ' . X
: 31. _ Automobile dedler —
. ’ LX)
: 32. __Garage mechanic —
PART II - DRIVER INTERVIEW b
33, __Relative
1l1. Have you or any other person ever . ve
attempted to defeat or "get around® 34. _ Ptiend _
any apsect of the starter interlock: .7
system? (Including warning buzzer,’ 35, __ Other: _
lights, switches, etec.). .e
36. Why were you unable to defeat the system?
(1) Unknown - i
(2) Yes (1) Unknown
—(3) No (GO TO QUESTION 37) —(2) Too hard to get to
TR __(3) Did not haye proper tools
Wny was the attempt made to defeat the __(4) Did not know enough about the system
system? __(5) other:
Unknown _(8) n/a .
. [
12. Took too long to start the car . 37. How many times has your vehicle failed
- ’ : ' A ¥ § to start when you went through the
13. _ Do not like to wear restraints - normal fastening routine?
14. __Passengers complained about being
forced to wear restraints ) ST
- 38. pid you then attempt to defeat the system?
15. _ No objection to wearing restraints.
““but I will not be forced to do so in —(1) Unknown -
my own automobile : (2) Yes
n —(3) No
16. _ Other: ‘ —_(4) N/A
I - TN

9. How many times has your vehicle started but
then stalled after going through the normal
fastening and starting routine?

M-10




In-Depth Human Fvactbrs Form

DRUG/ALCOHOL USAGE

Had you taken any medication or drug
other than alcchol within 48 hours of
the collision? (Check all that apply!)

O None (GO TO ITEM 102)
93. _stimula{;ts - pfescriptiﬁé/naréotic Co_
94. ;stimulénts - nonprescr;ptive
95. ;depressants - prescriptive/nartic _

96. _ depressants - nonprescriptive _

.29
97. __marijuana _
10

98. _ hallucinogens
. L}
99. __antihisgtamines _
12
100. _ other . o —
ss

Spécify drug name(s), .prescription Number(s),
recommended dosage(s) and time taken.

' TIME
NAME PRESCRIPT.¢# DOSAGE - TAREN

/ /

7/

REFER TO PHYSICIAN'S DESK REFERENCE (PDR)
FOR THE CLASSIFICATION OF A PARTICULAR DRUG"

101. In your opinion, did the drug(s) impair
your d:'.uung abJ.l:Lty in any way?

__ (1) Yes (explaini:

—(2) No —
) . s

102. Had you consumed any alcoholic
beverages within 24 hours of the
aceident?

- (1) Yes

__{2) Mo (GO TO ITEM 113), _

: ss

How much of the following typée of
beverages did you consume? (Indicate
guantxtz of each type)

103. bottles ‘of beer ——
. ' 18 37
104. __glaséeS".of wine -

: ) sa 3%
105. __‘drinks containing ‘hard liguor - —
‘ . ' i 50 ‘a1
106. Over what period of time did you

consume these beverages?’
_ (1) one hour
__(2) two hours
__{(3) three hours -
__(4) four hours -
__(5) five hours .
__[(6) six or more hours
(7) don't know
— N o
107. How long before the accident did you o )
consume your last drink? !
_(1) less than one hour
(2} 1=2 hours
_ (3) 3- Y] hours
—_(4) 5-6 hours
_ (5) more than 6 hours
__{(8) don't know
L &3
108. In your opinion, was your drinking
-in any way involved in the accident?"
(1) Yes < . '
_ (2) No (GO TO ITEM 113}
)
If YES, in which of the follcw:.ng ways )
was lt ‘related? (Check all that apply!)
109. __impaired physical response

: LY}
110. _ impaired judgment —
- . (X}
1l1. H_impai.red perception _

* 47
112. __other (specify:
) —
L}
MISCELLANEOUS

113. Do you normally drive with one or

both hands on the steering wheel?

left hand only
right hand only -
both hands
either hand

a

M-11




In-Depth Human Factors Form

L 114, WhJ.ch foot do you normally brake ' + 121. Did the driver :.ndicate that he/
| wu'.h? ' she was in a hurry? o
. [ U, .
(1) right foot "_:(1) Yes ,(expla:m:
T7(2) left foot - :
_(3) either —_ )
o . . e __(2) No ‘ o . .
. - ) 57
115. Were all of your vehicle's windows ' -
and vents closed at the txme of the 122. pid the driver indicate that his/
acc:.dent? . her mind was wandering or preoccupied?
_ (1) Yes __{1) Yes (explain: '
2) No ' '
—2) 3T )
_(2) Ko
116. DJ.d you have' your air condit:.oner, ()
heater, or defroster operatlng at . ) . - C
the time of the accident? - Did the driver report any activity or, .
. o occurrence inside the car that might have
(1) Yes (speclfy. ) diverted his/her attention from the driving
(2) No : - o - task?. (Check all that applyl)
117. Do you smoke? O no internal. distractiox;s
__(1) Yes, but not smoking at the 123. _ talking - ‘
time of accident. - se.
__(2) Yes, and smoking at txme of | . R o . X
accident. ’ - 124. __listening to tape player or radio —
(3) No" " : . Y]
) . . .125. __adjusting controls
118, Were you wearing sunglasses at : 51
the time of the accident? .
. 126. _ smoking
(1) Yes N Lp)
_(2) No. ‘ o w
s 127. __eating .
: . o 0D
119. Were you carrying luggage or cargo . o . . '
in the vehicle at the time of the 128, . other (specify:
acc:.dent? : o T
‘ Lo ‘ )
1 Yes {describe its location' and . )
' estimate its weight: L : : i '
. Did the driver report anything outside the |,
} car that might have distracted his/her
—(2) No attention from the driving task? (Check
- all mat apply!)
HAVE THE DRIVER FILL OUT THE DRIVER . - . -
KNOWLEDGE AND DRIVER OPINIQON QUESTIONNAIRES. O no outside distractions
129. _ other traffic -
ACCIDENT SUMMARY - : L ET
- o 130. __ pedestrians.
120. How did the driver describe the R &5
traffic conditions at the . time . .
of the accident? . 131, _unusual event like loud noise
' - &7
— (1) heavy L
—{(2) ‘moderate B ‘ ’ : ©132. __driver-selected outside activity
_(3) .L'Lght o h . S e
-_(4)" no’ other traffic _present- — .
86 133, _ other (specify:
) __
63




In-Depth Human Factors Form -

- Did the driver report anything that
night have 1mpa.1red or blocked his/her
view of the area in which the accident

Lda,

Characte: of vehicle movement:

‘ struqht ahead

i . e

" took place. (Check all that apply!) _ (2) straight ahead, road turned to left
‘ . D __(3) straight ahead, road. turned to right
O no view obstructions i _(4) off righthand-side of road
: . : » .__(5) off righthand-side of lane
- . _ (6) off righthand-side and. back aga1n
134. _ other traffic ‘|| {7} veered right
- , 7s J| —(8) turned hard right-. -,
T : . (9) off lpfthand-side of road
" 135. curve'(s) in road or hillcrest ___fl __(10) off lefthand-side of lane . I
g - ‘ 71 || __(11) off lefthand-side and back again
C : —_(12) veered left
136. __trees or foliage _ (13) turned hard left
T - ’ 72 __{14) vehicle stopped
. ._{15) other (specify:
137. __embankment o T )
73 oo .
. - __(16) unknown —_—
138. _ roadside structure . 16 17
. 7 ' -
. : .145. Did the driver attempt any kind of
139. _ parked vehicle — evasive action?
} . . 7
' (1) none (GO TO ITEM 147)
140. _ other (specify: __(2) braked only
: _ (3) steered only’ -
°) _ ] __(4) accelerated only
7. __(5) braked then steered
) . '__(6) steered then braked ‘
" 141, Bow fast did' the driver say he was . __(7) simultaneously braked and steered
traveling prior to entering the —_(8) other (specify:
collision sequence? ' L '
mph __(9) unknown —
77 18
- 142. When was the first time the driver 146. Did the vehicle respond to the evasive
- perceived the threatening situation? action as the driver expected?
(Approximate distance in feat) : .
: . (1) Yes™
feet S | . )
70 79 o0 _(2) f:.shta:.led wh:.le skiddl.ng o B
o e - : __(3) lost steering control while s)udding
143. Pre-crash vehicle movement: __(4) lost contreol/not skidding
o ) __(5) rolled over on roadway without collJ.sJ.on
_ (1) straight ahead __(6) other (specify:
_(2) turning, curve follow:.ng | - . c
—_(3) u-turn GO TO 04 . ).
(4) reverse, backing “’ . __{7) unknown
T_(5) lane changing, passing -
__{(6) parked, stopped 18
—(7) entering/lecaving private driveway - C . T S ‘
use #4 if backing in . 147. If evasive action could have been
__(8) starting to move " taken but'was not, ‘then why not? -
—_(9) unknown _ . . :
1s (1) none possible
(2) delayed reaction
(3) insufficient time

misjudgment
unsure of other driver's act:.on
panic

other (specify:

M-13
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In-Deplh Human ‘F‘ae’tors' Fom -

"In the driver [} opinion, could he have done

-anything differently that might have prevented

or reduced the severity of the accident?
{Check all that applyl)
None

148. _ could have gone slower or
adjusted speed —
: 21
149. _ could have accelerated £o safety _
. ) 22
150. __could have steered‘go’safety e
. o 2s
151. could have applied brakes
differently
[
152. _ could have been more alart or
" paid closer attention . .
’ 28
153. _ could have. signaled for turn, lane
change, etc. —
i 24
154. __could have signaled ather driver '
““with horn —
) ) 27
155. __could have had related.vehicle
defect corrected or yepaired
C 78
156. __could have anticipated a potentially .
~dangerous' situation —
29
157. __other (specify:
) SR
0
158. How fast did the driver saﬁ he was
traveling at impact?
mph -
N 32
159. What were the driver's actions.
' at impact?
__{1) unaware, no action
(2} braced
__(3) covered face with hands
__(4) other —
) )
160. What was the driver's post-impact
position in the car? .
__(1) normal driving position
(2) thrown from normal driving
position : —
e

‘161.

‘What were the driver's imediate
post~impact actions?

(1) no action
{2) exited the vehicle

{3) moved vehicle off road
(4) assisted injured persons
(5) other (specify

162 Was an ambulance requ.i.red for t.he -
driver or his/her passengers? e

_(1) Yes
_(2) No

163 Eow was t.he car removed from the
scene?

(L towed
——(2) driven auay

164;. Who notified the police of the -
accid.ent‘s cccurrence? N

__(1) driver =
T(2) other (spec:.fy

(3) don't know
165. Drivez's opinion of poliee actions:

—

(1) positive .
(2) negauve (explain'

_(3) no opinion

166. Driver's assessment of vpr‘incilpal
human fault: T

ar aelf .
(2) other driver
—_(3) pedestrian:
(4) other (specify:

167. Driver's ranking of relative

contribution of human vehicular and..

.environmental factors (ramk 1,2,3)

__(1) ‘human
~(2) vehicular

__(3) environmental-.




In-Depth Human Factors Form

o

168. Interviewer's general impression
’ of respondent's attitude and demeanor:

(1) host;le, uncooperative
(2) suspicious, guarded .

(3) causal, impersonal

(4) friendly, cooperative

ENTER TEST SCORES WHERE APPLICABLE

163. __Drifer Knowledge Test

vs we]

170, _)

Pelz~-Schuman Driver

Questionnaire
171. _ MasT

Opinion

. Pascribe anythlng that occurred during the interview that you think may’ have influenced the

lccuracy or completeneas with which the respondent ‘answered the questions.

Is there anything that you can add about his/her driving practices, hla)her attitudes and
his/her environment which may not be clear from the questionnaire? Please include any
lmpressions that might help us do a better job ‘of analyzing this accident.

NOTES1:
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In-De_‘p‘thA Human Factors Form: Status Review

TO THE INVESTIGATOR: Place.a check mark (/) inithe appropriate square.to the right of
each attachment item to indicate its status. Be certain to code the in-depth
case number and traffic unit number at the top of the 1lst page of each supplementary

form!
i ' ' From ‘ 'fo - ‘t;it‘:t ‘
ATTACHMENT ITEM Page (s) |Array|Card|Column|Column|Completed} Pending |Completed
Safety Belt i C .
Interlock System - 1A} 52 01 15 54. }.
Occupant Factors Form A—1,2 24 0l 15 80
) - B - 02 15 49
Driver Knowledge Tes; B~-1,2 53 0l 15 33 '
Pelz-Schuman Driver |[C-1,3 50 01 15 64
Opinion Questionnairef ) T
Dynamic Vision Test | D-1,2 54 01 15 75
. B . 02 15 32
Michigan Alcohol N/A N/a | n/a] n/A N/A.
Screening Test (MAST)]|’ o :

TO THE CODERS:
Comp leted sLi:atus means the data or tests are present and the -results have been-
entered on the page(s) indicated, if applicable.

Pending status indicates ﬂ\at while the data is not yet in the file, it is -~
expected to be Completed at some later time. The respective arrays
should be lgft blank. . . R ' . . .

Not Completed status meang that the particular data item was either not
ascertained or ‘inapplicable. . Do not code the associated array for
this traffic unit. I .

The data contained in each Attachment will be keypunched as a separate array beginning
and ending in the card columns indicated. The data on the attached page(s) also applies
to the traffic unit indicated on page one. Therefore, in keypunching the header infor-
mation, only the array number will change. : ' . .

]




" In-Depth Case

In-Depth Human Factors Forfn
Occupant Information”

Traffic Unit

Seated Position
0l=Left front
D2=Center front
03=Right front
04=Left rear
0S=Center rear
06=Right rear
‘107=Left third scat
08=Center third seat
09=Right third seat
10=Bed of truck
1l=Inside pickup camper
12=0ther

13=Unknown

RESTRAINTS ‘USED AND AVAILABLE

=None

2=lap belt only

IsShoulder belt only

4d=Lap and Shoulder belt

S=Unknown

IALS

[0=No injury

laMinor

2=Moderate

3=Severe injuries
threatening)

(not 1life-

- 7-8-9:

‘T14=A-pillar
~15=B-pillar |

S=Critical injuries

- 6=Fatality (one fatal

lesion)
Review AMA codes
10=Unknown

CODES FOR AREAS OF -
OCCUPANT CONTACT

00=Unknown
0l=air conditxonan 'or
ventilation outlets

. 02=Glove compaztment area

03=Hardware items (ashtray,
instruments, knobs, etc.)
04=Heater or AC ducts:. '
05=Instrument panel
Qé=Mirrors

07=Parking brake

0B=Radio

09=Steering assembly
10=Sunvisors & fittings,
and/or top molding (header)
ll=Transmission selector
lever

12=Windshield

13=Armrests

‘Number: Nunmber :
Fill in the'chart hsihg the appropriate codes from below.
{Enters any additional information on back of page) -
C i RE- SRE- AREAS OF
0CC. SEAT STRAINTS {STRAINTS - ) ' OCCUPANT
No. POSITION | USED AVATLABLE| AGE SEX AlS HEIGHT JWEIGHT JCONTACT -
4 .
”
s
3
4
‘5
6
.
8
9
SEX ALS cont. i AREAS OF CONTACT CONT.
I=Nale 4=5evere, injuries (life- .
2=Female threatening, survival 16=C-pillar . -
probable) 17=D=-pillar.

18=Courtesy lights
19=Hardware (sides)
20=Surface of side xnterxors
" 2l=window frames :
* 22=Window glass
23=Backlight (rear vindow)
24=Coat hooks . ' i
25=Roof or convert:.ble top
26=Roof side rails
27=Console
2B=Foot controls
29=Back of seats
30=Head restraints
3l=Interior loose object
.. 32=0ther occupants
33=Restraint system hardware
33=Restraint system webbing
35=Hood
36=0Objects exterior to car
37=0utside surface of car
38=0ther
39=Backlight header
40=0ther occupants
41=Flying glass
42=Tapedecks
43=aRcad surface
44=Eye glasses
45=Floors.
50=No contact
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in-Depth Human Factors Form

Occupant No.

1. This form should be filled out for each injured occupant. Add additional forms if necessary.

2. Check boxes to indicate type of injury to .each body region, if known.

3. If you are reasonably assured that one or more specific components or areas contacted by’

" this occupant resulted in an associable injury enter the proper code(s) in the starred (%)
section. (See page A ((occupant injury)) for codes)

4. Describe specific ogcupant injuries on the back of this sheet.

CHECK TYPE OF INJURY

- .
*ENTER CODE(S) FOR 23 g Q =
BODY REGION AREAS OF POSSIBLE = - A 3 81 » g 2
cowTacT L2 2| S| 5 e8] E| 2] |8
’ Bt -3 <] & o b [ & w 2 |8
BSE| S 2 ) B2l o ) S 2| &
1 2 3 4
Internal
:Organs
Brain
Face
Head

Neck (Cervical
Region)

Shoulder
Girdle

Right Upper
Limb

Left Upper : ‘ » ’ ' .
Limb T .

Chest & Upper
Back (Thorax)

| Lower Back
{Lumber Region)

Abdomen

Pelvic
Girdle

Right Lower
Limb

jleft Lower
Limb

Whole
. Body .




in-Depth Hunian Factors Form
Driver Knowledge Questionnaire

In-Depth Case

umber:

Number:

Traffic Unit

Please read each question carefully and select the one response that you feel best answers

it.. Indicate your choice by placing an "x"

in the corresponding blank on its left.

Be sure

that you answer .every guestion and that ybu mark one and only one :esponse[

1. Under normal conditions the top
speed limit for driving in a
business district is:

(1) 15 mph.
(2) 20 mph
(3) 25 mph
(4) 30 mph

N

. If there are no painted 11nes on the:
road you: .

_ May drive anywhere on your side.
(2) Should drive as if there were
- lines.
__(3) Should drive wherever traffic
*is moving the fastest.
(4) May drive in the center of the
road.

3. When driving at dusk or dawn, or
on an unusually dark day: .

(1) Turn on your parking lights.
(2) Keep your sunglasses on to cut

- down headlight glare.

_ (3) Turn your lights on high beam.

__{4) Turn your lights on low beam.

4. If your brakes are not holding
because they are'wet, you should:

__(1) Continue driving and they will "
dry off.

__{2) Keep one foot on the gas and one
lightly on the brake until dry.

_ (38) Stop on the side of the road.
and wait for them to dry.

__(4) Don't use your brakes until they
are dry.

S. For driving on sand or snow, the

best forward traction-can be

attained:

(1) By letting air out of the rear
- tires so they are several pounds
below.
(2) By letting air out of the rear
" tires and adding weight over the
driving wheels.
_{3) By simply keeping the tires at
their recommended pressure.
__(4) By adding weight over the driving
wheels and keeping them at
recommend or slightly hzgher
pressure. .

6.

8.

9.

When you want to make a right turn
into a driveway you should:

(1) Avoid stopping on the road.

—_(2) swing to the left before making

the turn.
(3) Signal after you begln to turn.
(4) Signal the traffic behind you to
. pass ' e

If you come to an intersection that
is hard to see around because af
trees or buildings:

__(l) Proceed as if there was a yield

sign at the intersection.

_(2) Stop near the center of the

intersecticon and then.continue
when it is safe.

__[3) slow down _and blow your horn

to warn drxvers who cannot
see you.

__{4) stop at the 1ntersect10n and

edge forward slowly.

The most dangérous time to drive
in the rain is:

[1) Just before the rain starts
because it gets dark but most
motorists have not slowed down
yet.

(2) Just after the rain starts be-
cause the rain mixes with road
film making the roads slick.

__(3). After it has rained for about 30

minutes because the rain has
washed away all the grit that
gives you traction

__(4) Just after the rain stops because

other motorists can see again,
and start to drive faster but
the streets are still wet.

I1f brakes are applied continually,
such as is necessary when coming down
a long, steep grade, they may become
very hot. When this happens:

(1) The brake warning lamp on the dash-
board will come on.

__(2) The brakes will loose the;r stopping

ability.

_ (3) The brakes will improve. in effective-

ness; brakes work best when hot.

@& The brakes should operate normally,

since heat has very little effect
on them,

(5]
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In-Depth Human Factors Form

_ Driver Knowledge Questionnaire

‘ldl if you are driving‘at high speed
and have a blowout, you should:

(1) Let go of the steering wheel
because the car will straighten
itself automatically.

(2) Step hard on the brakes to

- stop as quickly as possible.

(3) Apply the brakes gently, with

- extreme caution.

(4) Pull off the recad f1rst then

- slow down.

11. 1f the réar of your vehicle is
skidding to the left you should:

__(1) Move the steering wheel back

and forth-in a 2ig<zag pattern. -

_ (2) Turn the top of your steering
wheel to the left. . .

__(3) Hold your steering wheel from
moving until out of the skid.

~ (4) Turn the top of your steering
wheel to the right.

12, If you cannot stop in time before
hitting another vehzcle. it is
best to:

__(1) Gradually slow down and then hit
the other vehicle.
(2) Blow the horn and continue at
- normal speed.
(3) Try to steer around the vehicle
- and avoid braking hard.

(1) Remove your foot from the gas .

and put on the brake as hard
as possible. .

13. If you have locked your vehicle's
brakes and you are sliding toward’
another vehicle, you should:

1) Attempt to steer around the
vehicle.
__{) sound your horn and flash your
lights.
_ (3) Pump your brakes and attempt
to steer around the vehicle.
__(4) use your emergency brake.

14. If you knoWw that YOu will soon be
making a turn you should:

(1) Look well ahead to locate the
- turning point.
__(2) Blow the horn several hundred

) feet before you turn.

(3) Flash your bright lights to
- warn other traffic.

(4) speed up so as to avoid mak1ng
- other vehicles wait.

15. If the signal at a railroad crossing
does not-indicate that a train is
coming you should:

__(1) Speed up and cross  the track
duickly. - '
__{2) Continue at the same speed and ’
check for a train before crossing.
_ (3) slow down and lock both ways.
__(4) Come to a complete stop before
continuing across.
l6. When passing a vehicle you should
return to the right side of the .
road when:

__ You are 50 feet in front of the
passed vehicle.
(2) The other driver s;gnals you to
do so.-
__(3) You have cleared the front bumper
by a vehicle length. . .
(4) You can see its entire £ront. end
- in your rearview mirror.

17. It is best to check txre pressures:

__(1) After the car has been:parked for
a long time and the ‘tires are
“cold".

__(2) After the car has been driven .

. vigorously and the tires are "hot",

__(3) whenever convenient; it doesn't
matter if the tires are'hot or-
cold. '

__(4) With the car on a lift, so that
there is no weight on the tires.

18. When driving through fog at night,
" you should use your:

(1) High beam headlights. .o
(2) Parking lights. .
(3) Low beam headlights.

(4) 4-way flashers. S

19. Before leaving the road to avoid a"
head-on crash you should slow down _ by:

__ (1) Pumping the brakes.
__(2) Applying constant pressure on the
brakes. 0 . -
3) Turning off the: enqine. -

(4) shifting into neutral.

20. At night you should drive slow
enough to be able to stop w1th1n-

(1) 5 car lengths. ‘
(2) The distance lighted by your
headllghts.
__(3) The tire it takes for a 11ght
to change from yellow to red.
(4) 10 seconds from the time you
- hit the brake. .
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ln-Depth Human Factors Form:
. Driver Opinion Supplement
Array 50

In-Depth Case

Traffic Unit

fmm Number :
1. What is your cummulative grade-point average (GPA} as a student? ‘ DOS ONLY
__g%: A o __(6) Check here if you are a high school graduate
B l’ . - .
“»c
(4 D -
_(5) Don't know _
. ' Ts
Most drnrers have to take a chance now and then -- such as passing on a
winding road, driving fast on a wet road, or turning left in front of
oncoming traffic. 7
‘| some drivers will be more likely. to take a chance when other people are
‘Iin the car; -some drivers will be more llkely to take a cﬁ ance when
driving alone. How about you?
CIRCLE ONE ANSWER IN EACH LINE
More likely Less likely Same as Don t drive Never take
to take a to take a alone with such a chances
chance chance person :
2. With a friend(s) in ‘ 1 2 3 Y s
the car ‘ Te.
3. With a date (or wife/ 1 2 3 4 5
' husband . i . . ) 7
4. With a parent(s) in 1 2 3 4 S A
the car - ) Te.
In this research we want to find out how people actually &rive; Listed below are
many things that pecple somatimes do when they drive. As you think back over the
past month (or typical month), about how often would you estimate that you did each
of these things? : . . i
CIRCLE ONE ANSWER IN EACH LINE
Not at Once or Each Almost No
all twice week daily idea
S. Drove with a radio or
stereo on (or check
here if no radio _ ) . 1 2 3 4 5
_— N . T)
6. Drove with one hand on . :
" wheel 1 2 k] 4 5
7. bDrove through a yellow ' '
light . . ‘ 1 2 3 4 "5
L 21
8. Had a friendly race with ‘
. another car 1 2 3 4 5 -
. . 22
9. Rept up with traffic that
was going 10 mph over the
speed limit 1 2 3 4 5 )
. o s Y
10. Drove 15 mph or more over .
the prevailing traffic : o ' : :
inside the city C 1 2 3 4 S —
. o D
1i. pbrove 10 mph Or more over
the prevailing traffic on : .
an open highway' . 1 .2 3 4 5
is
12. Dared or took a dare from . R
another car ' 1 . 2 3 4 5 .
. : 2%,
... Continued on next page ...
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~ Inebepth‘ Human Factors Form
Driver Opinion Supplement

ATIENEIRRNRNNNY \\\\\\\~

In addition to driving at different times of day, and on different kinds of
roads, people also drive when they are in different states of mind.

Again think of the past month, or if that was very dlfferent from your. usual
driving, think of a typical month. How often in that month did you drive in
each state of mind listed below? A rough estima;e is okay.

CIRCLE ONE ANSWER IN FACH LINE

Not at  Once or Each Almost No

Call twice week’ - daily ‘idea

13. When I was tired or e . - - R

sleepy L 1 - 2 3. -4 5
14, When I was in a hurry B 1 ' N 3  | .5
15. When I felt worried or E .

depressed ' : 1 2 3 4 5
16. In order to get away.

from people and be on my

own . ’ 1 4 2 3 4 .5
17. Wwhen I was smoking ‘ , 1 ’ 2 3 h 4 5
18. When I was angry 1 2 -3 . & .5
19. Aftér a couple of drinks 1 2 3 4 5

In a typical week last month, please estimate roughly how much time you spend
driving for each of the following purposes (where you were the driver, not
a passenger). Write your answer in hours. If you did no driving for some purpose,
write "O". (Not time just sitting in the car, or at a store or a movie, but
actually driving.)

Hours per week (roug estxmate)

20. Driving to-or from work, or as part of my job : — HFs.
?l. Drivipg to or from school . Hrs.
22. For recrgation} shoppigg visiting, etc. . :Hfs. ,
23, Sum of £hese = TOTAL HOURS_driving per week : L . Hrs.

Begsides the time you were actually driving to and from places such as to work,
school, stores, etc., how.much time did you spend in an average recent week in
these ways? -

Hours per week

24. WOtking on cars {my own, or friends' ) -
repairing, testing, cleaning, etc. ) . Hrs.

25. Being in an around cars for fun and ' -
entertainment such as at drive-ins, :
with friends, etc. I o - . S "Hrs-

Sum of these . . « ¢« ¢ ¢ & ¢ o o a ¢ '« & o & L Hrs.

... Continued on next page ...

.DOS ONLY
I

)

)

Y

it

31

32

Y

sw 35 16
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In<Depth Human Factors Form
Driver Opinion Supplement

Within the past year, how often have you felt or done the following things?

CIRCLE ONE ANSWER IN EACH LINE

Not at Once or Every Every Almost

all twice month week =~ daily
26. Been mad enough to féel like
smashing something, but didn't 1 2 3 4 S
27, Been mad enough so 1 actually
did smash semething 1 2 3 4 -]
‘ 28, Felt like getting into a fist - ) .
. fight with somecone but didn't 1 2 3 4 S
29, Actually got into a fight and -
- hit somebody : 1 2 3 4 s

At present, how much of the time do you feel pressure from other people who are trying
to tell you how to run your life?

CIRCLE ONE ANSWER IN' EACH LINE

Pressure From: . i Hardly once in Some ¢f Most of Almost
ever a while the time the time always

30; My parents or other older : .
relatives 1 2 3 4 L}
"31, My wife (husband) or
girlfriend (boyfriend) ] 1 2 3 4 S

32. Friends or relatives my )
' own age ) 1 2 3 4 S

33. People who have authority
over ne ' 1 2 3 4 5

Sometimeés, after an argument or guarrel, people go out‘ for a drive to help them
"blow off steam.” During the past three months, how often have you gone driving
to blow off steam after an argument?

CIRCLE ONE ANSWER IN EACH LINE

How often in three months:

' . . Not at Onece or Every Every Almost
After an argument with: . all twice month week daily

34. My parent or other older

relative . . 1 2 3 4 S
35, My wife (husband) or C '

girlfriend (boyfriend) 1 2 3 4 5
36. One of my friends or relatives

my own age : ) 1 2 3 4 5
37. People who have authority over

me . 1 2 3 4 5

END, THANK YOU!

DOS ONLY
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In-Depth Human Factors Form :
in-pepth Case Traffic Unit

_5 5 _4 DbDuplicate columns 04-14
D1 02 03 from page 1 from Array 55. Dynamlc Vision Teﬂ ‘
o . T Number: Number:
1. Static Acuity--No Glare: Normal 5. Peripheral Movement In-Depth
R L B L' B T . Right Eye Left Eve
175 150 125 100 85 70 o110 L .1
- ; 128 L . g -
T L R T L B : 64 s L o
R L B R B R 32 s L
L T T B T L 16 L S
R B L T B R 12 L . s TOTAL : :
L R B L R T 8 s L - - '—,
B R T T L R 6 5 L e 3
s 16 17 2 L s . .
T B L B L RL T R THRESHOLD ¢ -
85 70 60 50 40 35 30 25 20
_________ s .
LB T L T B T R B —_———
B RBRB RRRIL i \ ' BEore e
T L L T L T L B R ' . LARGE:
BPR R B'T T R T T c R
R T B L R L L L B
L RL T B'E'BE T R 6. Peripheral Movement Tone. Count
2. Central Angular Movement ’ (Su.btrac't total number of tones sounded
in BOTH items 4 and S above from 40 and
(Practice: R L) enter the resultant score in the columns
to the right)
256 L R
128 R L . ‘ .
64 R L TOTAL: ‘ s
.32 L R IORY) .
16 R L 7. Static Acuity--No Glare: Low Level
12 L R ' " :
8 L R THRESHOLD = ' R L B L B T
€ R L 20 21 22 ‘ )
4 R L 175 150 125 100 85 70
2 L R
- T L R T L B
- 3. Central Movement In-Depth '~ R L B R. B R
' L T T B T L
190 L L ) R B L T B R
128 L s TOTAL : L R B L R T
64 s L zs 2% B R T T . L R
32 s L ' THRESHOLD: ‘ Ceeeenatesestecsennetbenannae
16 L S ) . “E 37 ha
12 L s SMALL: T B L B L R L T R
8 S L 7s 26 27 | .
6 S L 85 70 50 50 40 35 30 25 20
4 S L LARGE : .
2 L s 28 29 30 L B TULTB T R B
B R B R B R R R L
4. Peripheral Angular Movement T L L T L T L B R
B R RB T T RT T
(Practice: R L) R 7B L R L L L B
L R-L T B B B.T R
Left Fye Right Eye -
256 L R
128 R L
64 R L
32 L R
16 R L
12 L R TOTAL: -
B L R 9 32
6 R L
4 R L
2 L R '
THRESHOLD: __
38 8% as
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in- _Depth Human Factors Foq-m

Dynamic. Vlslon Test

B. Field |9. Detection,|{l0. Detection, '13. Static Acuity--Spot Glare
of Vision [Acquisition,:&|Acquisition, & : o e
Interpretation]Interpretation R L B L’ 1’
ORDER 90° Angle . 35° Angle: ) )
< v v - 175 150 125 100 85 70
Left.Right|{ Left.Right Left.Right - - = - - —
Eye ._Eye Eye ._Eye Eye . Eye T L R T L B
. . . . R L B R B R
1 | L70 . 170 . R10-. L T T B T L
. .. . R B L T B R
2 {. -R/O r70 .10 L R B L R T
. . . . . B 'R T T L R
3 90 . 90 - - R20 - Cetesetrennrietsnaarsnecennane o
. . : . 73 i 7
4 L70 . .70 . L3 . T B L BLRULT R ’
5 - R80 - 180 - B15 85 70 60 50 40 35 30725 20
6 - r90 . 890 - R20 L B TLTBTRB
. . . . B R B R-B R R R L
7 L80 . &80 - 1]5 . T L L T L-T L B.R )
. . . B R RB TTTRT T. "GO TO 02
8 . r90 - 190 - L35 R T B L R-L L L B
: . T e ' © e L R L T B.B B T R
9 L60 . - pb0 . B25 . -
' ‘ . . . *14. Simple Reaction Times.
10 L90 . 190 . R3S -
. . ' . : Trial Number One e
11 - R60 - R60 - 825 Ts 15 17
12 . R70 . 70 . 130 Trial Number Two -
. . . - 18
13 - R8D - B8&0 - 135 P
o . . ; Trial Nurmber Three N )
14 L80 . r80 . T35 . T 77 TT
-15., Complex Reaction Times
rotaL| __ _ - - '

' w9 50 55 56 1 82 Trial Number One I
THRES - « . 2025 2%
HOLDS R S e S

S1 S2.51 S S7 5€.59 6 3 E%.55 66 Trial Number Two .
- : 27 18 28
11. Dynamic Visual Acuity 120° Angle
' Trial Nurber Three ’
R T B L R TLLT®BR Te 1 1e

200 175 150 125 100 85 70 60 50 40 30

s
~
o
L3
w

T12.

Static Acuity--Veiling Glare

R L B L B T
175 150 125 100 85 70
T L R T L B’
R L B R B R
L T ‘T B T L
R B L T 'B R
L R B L R T
B R T T L R

T B L B L R L T R

85 70 §0 50 40 35 30 25 20
L B T L T B T R B
B R BRBIRTUERERTL
T L L T L T L B R
B R R B T T URT T
R T B L RL L L B
L R L T B B B T R
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APPENDIX N: 24-PAGE DRIVER PROFILE
SCORE QUESTIONNAIRE

© N-l



Dear Respondent:

This questionnaire is part of a long- range project on driving
conducted by Indiana University and the Institute for Research
in Public Safety. It is intended to help develop programs that
will prevent serious traffic accidents and injuries. We hope
to gain a better understanding of what influences driving be-
havior by asking you: about your driving, personal history and
other related areas. ' s

The information gathered in this questionnaire will be used for
research purposes only. Your answers will be treated in strict-
est confidence and will be. seen only by our research staff.

Please answer the questions as frankly and accuratelxﬁas;yoﬁ can.
Be sure to read each question carefully before answering it.

If you have any questlons now or wh11e working on. the questlon—
naire, please feel free to ask for assistance.

We greatly appreciate your help in this. research.
Yours sincerely,

ﬁﬁdf[[ Cﬂ 7 @k.{

Rlchatd E. Mayer
- .Department of Psychology
Indiana University
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1

Basic Information

1. Sex: " Male - Female. .
2. When is your birthday° Month . Year
3. What is your marital status?t

Single

Married

Divorced or Separated

Widowed. . . :
Other (Please specify. . )

~

. Are 'you a student attending high school, college or university?

No
Yes, part time
Yes, full time

wn

. What is your current occuﬁation7 (1f you are not employed but
your spouse 1s, give spouse s occupation. If you are not
working because you are in school, give parrent's occupation.)
Give job title and brief description of work:

6. What is your year in school?

Freshman

Sophomore

Junior

Senior

Graduate Student

Other (Please specify: ‘ ~ )

7. What is your major (or . expected major):

8. What is your grade point average so far at IU? (If you no GPA
at IU yet, give GPA from high school):

. What were your SAT scores? (Please try to estimate if you cannot

9
remember). Math SAT - Verbal SAT
0. At the present time, about what is your family income before

taxes. If you are married inlcude whatever your spouse makes.

If you are supported mainly by your parents give parents' income:
Under $3,000

$3,000 to $6,000

$6,000 to $9,000

$9,000 to $12,000

$12,000 to $15,000 N-3

$15,000 to $18,000 - ’

$18,000 to $21,000

$21,000 or over

L



11. How many brothers and/or sisters do you have?

12. Do you have any step parents? Yes - -. No:

'Q N - . . . . .
Khkhkkhkhkhhhhhkhkhkkhkkrhrhkhhhhhhhhhdhhhhhhhddrhhdhhhrdhhdh i hrd itk

Your Driving

1. When did you first receive your drivers' license?

Month Year‘

2. How many miles did you drive in the past 12 months.- (ILf the
past 12 months was not typlcal for you, indicate how many
you normally "drive in 12 months.) -

under 5,000

5,000 to 9,999
10,000 to 14,999
15,000 to 19,999
20,000 to 24,999
25, 000 or‘over :

. How many times have you ever been ticketed for any of the
violations. listed below? (Put -number of tickets im each blank.)

w

speeding over the limit

reckless driving

driving while intoxicated/driving under the influence

failure to observe a stop 51gn or 1ight

illegal turn or maneuver: . ‘

other (please specify all the other tickets except for parking)

How'many‘times‘haVe'yqu been ticketed for any of the violations
listed below, during the past 3 years. (Put number of tickets
in each blank. :By "past:3 years'" we ‘mean within 3 years of today.)

B

speeding over'the 1limit
reckless driving - ‘ . :
driving while 1ntoxicated/driv1ng under the influence
failure to observe a stop sign or 1ight :
.illegal turn or manuever

other (please specify all other. tlckets durlng the past 36
months except for parking)

HHH
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5.

10.

Has your license ever been suspended or revoked?

Yes No - ‘ ,," o . C e

How many accidents have you-ever been involved in while

being a driver (include those in which you were not at fault)

How many occurred w1th1n the past 3 years7

In how many of the total number of acc1dents that you have
been involved in as a driver were you judged to be at faulte?

In how many of the accidents you were involved in as a driver

ACCIDENT 1 (most: recent one) Description

during the past 3 vyears were you Judged to be at fau1L°

Briefly describe each accident &ou have been involved in as
a driver during the past 3 years including those not mainly

"your fault. Be sure to indicate whether there was anything

you did (or didn t do) which helped cause the accident.

Approximate Date: Month Yeer

(Even if the aceident uaS‘not_mainlyiyour fault, put a check
mark by what you did that contributed most to the accident.)

lll‘lll

I wasn't pajing‘attention, s80- I didn't see the danger until it
was oo late. ' . . S

I was distracted by something, so I didn"t,see3the‘danger_until
it was too late.

I didn't see the danger even though I thought I looked.

I didn't expect the other driver to be where he. was or “to do
what he did. o oo

I was going too fast. -

I was dr1v1ng a little recklessly or 1ncorrectly.

I didn't evade the danger even though I could have.

I had.trouble steering or controlling my car.

I was upset, under pressure or in a hurry.

1 was tired, not feeling well, or had been drinking

I was not familiar with the vehicle, the road or with the’

Other (Please specify):

driving in general.




How much damage was involved in the accident?

___No damage
Damage under $200
Damage over $200

How much injury was involved?

No injury or minor injury
Injury requiring hospltallzation or repeated treatments
Death

How many vehicles were involved?

Just mine
Two or more

ACCIDENT 2 (The second most recent ‘one) Description:

Approximate Date: Month' Year

(Even if the accident was not mainly your fault, put a check
mark by what you did chat contributed most - to the acc1dent )

I wasn't paying attention, so I didn' t see the danger unt11

it was too late.

4

I was distracted by‘something, so I didn 't see the danger unt11

it was too ‘late.

I didn't see the danger even though I thought 1 1ooked.__

I didn't expect the other driver to be where he was or to

do what he did. ; .

I was going too fast. _ -

was driv1ng a little recklessly or incorrectly.

didn't. evade the .danger even though I could have.

had trouble steering or controlling my car.

was upset, under pressure or im a hurry.

was tired, not feeling well, or had been drinking.

I was not familiar with the vehicle,. the road or with

driving in general.
Other (Please specify):

I:HH

HHHHH

How much damage was involved in the accident?-
No'damage

Damage under $200
Damage over $200
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How much injury was involved?
No injury or minor injury
Injury regquiring hospitalization or repeated treatments
Death .

~How many vehicles were involved?

Just mine
Two Oor more

ACCIDENT 3 (Third most recent one) Description&

Approximate Date: - Month . . Year

(Even if the accident was not mainly your faglt,ﬂput a check
mark by what you did that contributed most to the accident.)

I wasn't paying attention, so I dldn t 'see the danger until’
it was too late.
I was distracted by somethlng, s0 1 dldn t see the danger until
it was too late. : -
I didn't see .the danger even though T thought I 1ooked
I didn't expect the other driver to be where he was or to
" do what he did. ' , : :
was g01ng too fast. ' : e
was ~driving a little recklessly or incorrectly. :
didn't evade the danger even though I could have.‘n
had trouble steering or controlling my cdr.
was upset, under pressure or..in'a hurry. -
was tired, not feeling well, or had been drinklng.
I was not familiar with the vehlcle,‘the,road,or with
driving in general. S ‘ - )
Other (Please spec1fy).‘

HoH -

How much damage was involved in the accident?
No damage
Damage under $200
Damage over $200

How much injury was inbolved?—‘ I Ce L
No injury or minor injury

Injury. requiring hospltallzatlon or repeated treatments
____Death ‘ .
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How many vehicles were involved?

"Just mine
Two or more

ACCIDENT 4 (Fourth most recent one) Description:

Approximate Date: Month ‘ Year

(Even if the accident was not malnly your fault, put‘archeck
mark by what you did that contrlbuted most to the accident.)

I wasn't paying attentlon, so I didn't see the danger until
it was too late. , . _ s .
I was distracted by something, so I didn't see the danger until
it was too late. -
I didn't see the danger even though I thought I looked.
I didn't expect the other driver to be where he was or to
‘do what he did.
I was going too fast.
I was dr1v1ng a little recklessly or’ 1ncorrect1y
I didn't evade the danger even though I could have.
I had trouble steering or controlling my car.
I was upset, under pressure or inm a hurry.
I was tired, not feeling well, or had been drinking.
I was not familiar with the vehicle, the road or with
driving in general. : ‘ ‘
Other (Please specify):

How much damage was 1n§olved in the accident?

No damage
Damage under 5200
Damage over $200

How much injury was involved?
No injury or minor injury

Injury requiring hospltalizatlon or repeated treatments
Death

1

How many vehicles were involved?

Just mine
Two or more
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Your Health
During the past year, have you suffered from any of the following?

Ulcers

Frequent headaches

Trouble falling asleep at night

Upset stomach, acid stomach, indigestion, gasses, heartburm, etc.
Fainting spells or dizziness: : :
Frequent losses of memory

‘Attacks of nausea or vomiting

I sweat very easily even on cool days

My sleep is fitfull and disturbed

There seems to be a lump in my throat most of the time
My skin seems to be unusually sensative or itchy

How often to you take :ranquilizers? (p;escription or non-prescription)

About every day or every other day
About once or twice a week

About once to three times K a month

About once to. several times a year

How many cigarettes do you smoke on an average day?
How often did you have any aicoholit Bevefage during the past year?

About every day or every other day
About once. or twice a week

About once to three times a month
About once to several times a year

How many drinks did you usually have on those occasions when you
drank? (By one drink we mean one l2-once bottle of beer, one
cocktail, one four ounce glass of wine etc. ) ’

2 or 3
3 or 4
4 or 5
6 or more

Akl Ak kA A R R AR I AR R AR I AR AR R A KRR IR R AR R R AR TRk kA ek Ak h kK
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Your Activities

1.

10.

How many times have you moved from one residence to another

"in the past 5 years?

How many years have:- you lived at your present address?

How many times have you changed jobs (or'schools) in the
last five years?

How many years have you been employed by your present employer
(or attendlng your present. school)7

Are you reglstered to vote?JYesz . No
How many times have you voted in the past four "years?

Do you regularly attend church or other religlous services?
Yes No

When you were grow1ng up.did your, parents regularly attend
church? Yes No

In a11~ hOW~many organizatione{or,cluhs do'you belong to?”

On the average, how many’ days a month do you spend at meetlngs
of clubs or organlzations to which you belong?. i

****************************************************************

Your Membersh;pi

Try to thlnk of all the clubs or organizations that you have Lo
belonged to during the past five years, including organized
activities during high school or college (if within five years).
Includé, social clubs,, church, church clubs, phllantropic organi-
zations, scouts, 4H, sports teams,;political groups,'etc. , In-
dicate how active you have.been in each organization by cheéking
thingS'you have. done in the. last five years.

I am a Gone to 'Gaveg Worked on Held

Iypg or Name of Organlzatlon member meetings money prOJects offlce

1.

8.

*******************************************************************
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Your School Experiences

Based on four‘sehool experiences  (junior high and high school)"
how often did each of the following events occur?

Some
Often times Rarely Never Event .

Played hooky
~ Received awards and honors

. Was well-1liked

Belonged to school clubs or teams
Wanted to drop out ‘

Cut-up and was sent to the principal's
.Skipped classes I didn't like ‘
Enjoyed school

Got D's and F's

Was suspended

Went to parties

Went out on dates )
" Had conflicts with my teachers

Had academic problems

‘Was a loner

****************************************************************

Your Other Experiences

Put a check mark beside each of the following things which has
happened to you. ‘

_Regular cigarette smoker before age 17. :

Had a full time job before age 17. (Excluding summer jobs)
Failed one or more grades before grade 8.

Dropped out of school.

Was arrested after age 18, for something other than driving.
‘Was convicted for ‘some offense other than driving..

Ran away from home as a child.

Have gotten into trouble for not paying bills or with a_
landlord over rent.

IIII

****************************************i**********************
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Your Recent Events

Put a check mark next to "each’ of the events 115ted below that
happened to you w1th1n the past 12 months.‘ .

Got marrled got engaged or- ‘started g01ng with someone steadily.

Got separated or divorced from wife or husband, or brokeée-up.

with someone. , . o ‘

Had disturbing trouble with children, parents, in-laws or

other family member. ’ ' T
___.Had disturbing trouble w1th close friend.

_Job promotion (moved to h1gher position at.work).

“Job demotion (moved to lower position at work).

Troubles with boss or co—workers at my work. (O0r. trouble
with teachers and fellow students at school).
Fired or laid off from a "job. (Or failed a course in school)

Had problems finding a job. (Or problems finding a school).
Started a new type of work, changed to a different line of
. work or to a new job. (or began new school, graduated or
quit school -or changed school).
Considerable improvement in financial situation.
Took out a new loan or.mortgage.
Fell behind in payments for loan, mortgage or flnance.
Death of a close family member. :
Death of close friend, or dear one. . :
Been very sick or injured (other than in car accident).
Thought of committing suicide.
Got into a fight and hit someone.
Been so angry you threw or broke things.
Financial problems.
Job problems .
School problems.
Problems getting along with someone ‘else.

1L

***************************.********************.*****************
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Your Recent Behaviors

Think of your behavior over ‘the past six months. Indicate how
"often each of the following things characterized your behavior,
for the past six months or so. ' If it happened almost never,
.ecircle 1; 1if it happened sometimes, circle 2; if it happened
often, circle 3; if it happened almost always, circle‘é,.

Almost .Some- Almost
Never times Often Always

1 2 3 4 Acted as if I had no interest in. things

1 2 3 4 "Was restless.

1 2 3 4 Just sat.’

1 2 3 4 Felt that people didn't care about me.

1 2 .3 4 Needed to do things very slowly to do
‘_‘them right.

1 2 3 T4 Got angry and broke things.

1. 2 3 4 Acted as if I had no control over my

L emotions.

1 2 -3 4 " Laughed or cried at strange things.

1 2 3 4 _Had mood changes without reason.

1 2 3 4 '~ Had temper tantrunms.

1 2 3 Got excited for no :reason.

1 2 3 4 Acted 'as 1f I didn't care about other

people's feelings.

1 2 3 4. Thought only of myself

1 2 3 4 Was bossy. .

1 2 3 4 Argued.

1 2 3 4 ~ .Got inco fights with people

1 2 3 4 ‘Was cooperative.

1 -2 -3 4 . Did the opposite of what was asked.

1 2 3 4 Was stubborn.

1 2 3 4 Cursed at people.
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Almost Some-~ Often Almdst

Never times Always
1 2 3 4 .Dellberately upset routine.
1 2 3. 4 - Was resentful.
1 2 3 4 Got annoyed easily. .
1 2 3 4 Was critical of other people
1 2 3 4 Lied.
1 2 -3 4 Got into trouble with law.
1 2 "3 4 Stayed away. from people.
1 2 3 4 Was quiet.
1 2 3 4 Preferred to be alone.
1 2 3 4 Behavior was childish.
1 2 3 4 Moved about  very slowly. )
1 2 3 4 Was very quick to. react to
something someone said or did.
1 2 3 4 Was very slow to react.
1 2 3 4 Would stay in one position
o _ for a long period. . -
1 2 3 4 Acted confused about things; in a daze.
1 2 -3 4 Acted as if I couldn't get
: certain thoughts out of my mind.
1 2 3 4 . Talked without making sense.
1 2 3 - 4 Refused to speak at all for periods
‘ of time.:
1 2 3 4 " Spoke so low you could not hear me.
1 2 3 4 Talked about how angry I was at
certain people.
1 2 3 4 Threatened to tell people off.
1 2 3 4 Said the same thing over and over again.
1 2 -3 4 Talked about big plans I had for the
. future. .
-1 2 3 4 Gave advice without belng asked.
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Your Opinions

A number of controversial statements concerning problems facing

our society are given below. There are two alternatives for each
item, Indicate your preference by putting a check’ mark in front ‘
of the answer which is most attractive to you.. - .

1. Concerning inflation,

I think we have adequate means: for nreventing run-away inflation.
There's very little we can do to keep prices from going higher.

2. Concerning spccial interest groups,«

Persons like nyself have little chance of protecting our
personal interests when they conflict with those of strong

pPressure groups.
-1 feel that we haV( adequate means of coping with pressure

groups. :

3. In my opinion, a man who works in business all week can best
spend his Sunday in, . .

‘trying to educate himself by. reading seriouq books or go to
an orchestral concert:. . .
hearing a really good sermon.

4, If I lived in a small town and had more than enough income for
"my needs I would prefer to, :

. Help advance the activities of local religious groups.
Give it for the’ development of scientific research in my
locality.

S;iAssuming that' 1 hadwthe necessary ability and that the salary
of each of the following occupations is the same, 1 would prefer
to be:a," ‘ . . . :

mathematician.
clergyman.

6. 1 bélieve that,
A lasting world peace can be achieved by those of us who work
toward it.

There's very little we can do to bring about a permanent
world peace.
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10.

11.

12.

13.

Concerning world opinion,

There's very 11ttle that persons like- myself can do to
improve world opinlon of the United States.

I think each of us can do a great deal to improve world
opinion of the United States.

Concerning_recent events,:

More and more T feel helpless in the face of what's hanpening
in the world today.

1 sometimes feel personally to blame for the sad state of
"affairs in our government.

Taking the Bible as a whole,

—___One should regard it from the point of view of 1its beautiful
mythology and literary style rather than as a spiritual
revelation.

One should regard it literally as a spiritual revelation.

All the evidence that has been impartially accumulated pgoes

to show that the universe lhas evolved to its present state

in accordance with natural principles so that there is no
necessity to assume a first cause, cosmic purpose or God behind
it. :

1 agree with this statement.
I disagree with this statement.

Which of the following branches of study do you expect will
ultimately prove more important for mankind?

Mathematics
__Theology

People like myself can change the course of world events if we
make ourselves heard.

I agree-with‘this statement.
This -statement is ju§t'wishful thinking.

When I visit a cathedral T am most impressed,

By a rervading sense of reverence and worship.
By ‘the architectural features and stained glass.
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14. I believe that,

This world is run by the few people in power and there is

not much the:little guy can do about it. : - ,
The average citizen can. have an 1nfluence on goyegnmental

decisions.

15. A person should guide his life according to, and develop his
chief loyalities towards, L

his feligious faith.
ideals of beauty.

*********'k*********************************k*************************
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Your ?ersonalipy

Circle yes or no for each questlon . Please. try not to leave any
questlons blank. - . L . :

yes
yes
yes

yes

yes
yes
yes
yes
yes
yes

yes
yes

yes
yes
ves

yes
yes
yes
ves

yes
yes

yes
yes
yes
yes

yes
yes
yes
yes
yes

yes

r.o

no
no

no -

no

no

no

no

no
no

no
no

no
no
no

no
no
no
no

no

no

no
no
no
no

no
no
no
no
no

no

1
2
3.
4
5

10.

11.
12.

13.
14,
15.

16.

"17.

18.
19.

20.
21.
22.

23.
24,

25,

26.
27.
28.
29.
30.

31.

I find it hard to keep. my mlnd .on a task or Job

I certainly feel useless at times.

I work under a great deal of tension.

"My daily - -life is full of things that keep my interested.

I seem to be .about as capable and smart as most others
around. me. :

My .way of doing thlngs is apt to be mlsunderstood by
others. o

My parents have often obJected to the kind of people I
went around with. :

Before I do somothlng I con81der how my friends w1ll
react to. it.

I often think about how I look and what impression 1
am making. _

My table manners are not quite as good at home as when
I am out in company.

I have never done anything dangerous for the thrill of it.

I often act on the spur of the moment without stopping
to think. ‘

A person needs to "show off" a little every now and then.

I think I would 1like to fight 'in a boxing match sometime.

I often do whatever makes me feel cheerful here and now,
even at the cost of some distant goal.

I have often gone against my parents' wishes.

It is pretty easy for people to win arguments with me.

Even the idea of giving a talk in public makes me afraid.

Even when I have gotten into trouble I was usually trying
to do the right thing.,

I get pretty discouraged with the law when a smart lawyer
gets a criminal free.

I consider a matter from every standpoint before I make
a decision.

Sometimes I feel 1like smash1ng things.

I keep out of trouble at all costs.

I am said to be a "hothead". :

I like to go to parties and other affairs where there
is lots of loud fun. :

I have a good appetite.

I seldom worry about my health..

I enjoy many kinds of play and recreation.’

I feel as good now as I ever have.

Sometimes without any reason even when things are going
wrong 1 feel excitedly happy, "on top of the world".

At times I have a strong urge to do something harmful
or shocking.
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yes no 32. T can easily make people afraid of me, and sometimes.
do for the fun of it.

yes no '33. I easily become impatient with people.

yes no 34. I have never been in trouble with the .law. -

yes no 35. I tend to be:on my guard with people who are somewhat
more frlendly than I -expected.

yes no 36. My conduct is largely controlled by the customs of

‘ those about .me.

yes no- 37. I have very few quarrels with members of ny family..

yes' no 38. My family does not like the work I have chosen
(or the work I intend to choose for my life work).

yes no 39. At times I have very much wanted to leave home,

yes no 40. I believe I am no more nervous than most others.

********************************************************************
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Your Driving OQ nions .

C1rcle yes 1if you generally agree with the statement and no
if you generally disagree with the statement. Try to answer
all questxons. K T

yes

yes

. yes

yes

yes
yes

yes
ves

ves
yes

yes
yes

yes
yes
yes
yes

yes
yes
yes

yes
yes
yes
yes

yes

yes

no

no
no
no

no
no

.no

no

no
no

no
no

no
no
no
no

no
no
no
no
no
no
no

no

no

1.

2.

11.

12.

13.
14.
15.
16.

17.
18.

19.

20.

21.

22.
23.

24,

25.

Besides actual driving, I spend 10 or more hours per
week workirg on cars or be1ng around cars for fun
such as drive-ins.

I find driving a form of relaxation which I use to
relieve my tension.

- Driving gives most teen-agers-a feeling of being grown

up.

'It's fun to teat other cars at the getaway

It's fun to maneuver through traffic.

During the past few months I have gone driving to blow
off steam after an argument at least once.

I feel pressure from people who have authority
over me, or from my friends, relatives, parents or othe

I find it difficult to go slowly when there is an open
road ahead and the speed limit is 35 mph.

Driving helps reliesve pressure.

People are more likely to.take chances 1f their friends

are in the car.

It's .fun .to pass other cars on the highway even if you're
mot in a hurry. '

I drive differently when other people are in the car,
e.g., friends, parents, date or spouse.

It's a thrill to outwit other drivers.

Driving in traffic is no fun.

It's a thrill to beat other drivers at the getaway.

Driving at high speeds gives you a thrilling sense of
power.

Most drivers should not be allowed to go over 60 mph.

The desire for speed 1s just like a disease.

Most pecople would rather have a 400 horsepower engine
in an old car than a low powered engine in a newer car.

Carelessness causes more accidents than speed.

When I am upset, driving helps soothe my nerves.

Speed limits are not needed in open country.

If speed limits are reduced any more, we might as well
‘to back to the horse.

1 feel perfectly confident in my own judgment of how
fast to go under all conditions.

I'd rather have an old car with plenty of guts than a
newer model with less power.

!
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yes

yes

yes

yes

yes

no

no

no
no

no

26.
27.

28,

23.

30.

There is something about being behind the wheel that
makes one feel bigger.

A good driver doesn't need the remlnder of all the too
many road .signs.

During a typical month, I have a friendly race with
another car at least once.

buring a2 typical month I drive 15 mph or more over the
prevailing traffic inside the .city at least once.

During a typical month I drive after a couple of drinks
at least once., ;

*******************************k************************************'
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PTNDINGS "A's" PROBLEM

Do not look at this test until
Circle each word that hasg an "a" in it.
mention running morning nelghbor dropping stunned
ladder numcrous setting strong sixteen vicinity
bench promise puzzle door instead luckily
theory funny witty moon moment shudder
further skip dryly " soothe ‘worker nowhere
shutter  bloom switch quarrel  swift subsist
publish  perfume fellow spelling jovful countless
spread monkey blotter wheel comfort  sponsor
deliver eleven melted steam fertile profile
remind dismal expense sober divide faint
improve sponge ringing night throng * bonfire
forbid history durable couch velvet refund
pudding  biscult mixture swell | readily of fense
sunrise nobody touch correct descent custard
reward temple picnic hear chunk recover
progress consist whistle window sense pitiful
intense indced lemon bitter eight homely
bridle distant within lively . grease ruddy
prize scenery  shriek engine . moist  citron
goose jesting riddle ‘compel .. rocks ignite
indoor howl politics twinkle click squeak
winding  jump leave serene empty goblet
temper figure wintry modern  freedom propose
message denend relish revive = bottle observe
virtue race yonder fifth - report scldom
endure sprout bread study denure intrust
sixth honey sweep boast bushel resume
chalk clock prince juicy uni'old earnest
motor duke confide scorn found croquet
route cliff socket mood locket empress
syrup four fatigue seize merit corrupt
guld shawl monster ivory - general emotion
spicy lunch explode renew impulse neither
lion crowd million celony  notch endless
wool extent empire loudly pump - . instead
pine guard regular horse -.cruise exempt
sour jolly church giant drift _species
cork . upper bulge visit tiger corps
pint noon timid ounce ~hilly peril
sheep dough plum stone happy some
dusty expect moss being occur crew
ostrich  supply youth rural light except
period double fresh color notion welcome
event equip wash settle uproar struggle
middle  bottom dress fuel ideal word
right green storm proper foggy blue
frozen murmur excel outburst gloss orange
dodge thrive delight puzzle mutter employ
white become - figure furnish crutch sports
tough collect twist grab fiction <court
ocean feeling collect sprout house humor
crush suspend truth connect  energy great
grind machine precise grumble sooner index
cloud yielding design position impress skilled
drawvn slight cotton forward contest discover
bulky increase  resent horrible exclude enormous
desire continue stride dense eincere  gecret
N-22

Jou are asked to do so. -

ditch
blowm
unfit
ougnt
sirup

. knelt

ridre
coral
tomb
doze

rstroll

gushing
preface
sputter
nicely
rentile
labor
boldly

7"51nnle

deport
surrey
college
hoarse
browse
inherit
repose
behold
crouch
deride
recoil

_caught

slight
invest

‘gross

inner
punch
dizzy

. heed

chess
oven
spurt
clothing
‘routine
shock
numb
sipnal
counter
quick
error
evening
differ
ruler
dislike
worship
cluster
scvere
touch

recognize
curisten
nercury
dispuise
wearing
counsel
bouquet
inscribe
throttle
zoning
pocwter
tyrant
debris
modest
refine
fleecy
enroll
leaves
deluge
hurled

~ obscure

debtor
quarter
enforce

° pompous

burrow
humbug
apple
exploit
urgent
tumult
jewels
unfurl

., grunt

beech
sight
horde
throb
petty
numb

~whom
‘smoky

birth
botany
orderly
content
breadth
record
choice
splendid
splinter
ribbon
string
linen
express
picture
ficry

GO ON TO NEXT PAGL

notion
scuing
drowsy
buple
loiter
spool
belle
scent
ceasc
bliche
onset
lofry
cpoch
vhose
knoll
plural
siphon
mount
bungle
wrung
superb
mildly -
double
buried
steeple
ebbed
import
voman
furrow
sturdy
emhers
tempt
impose
idea
secede
owner
ravine
horror
crust
‘buzz'
seek’
envy
board
time
problem
trumpet
powder
meadow
opcning
crush
forbid
intense
extent
trinket
several
‘slecepy
fnroup
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_Circle each word that has an "a" in it.

'ty - discount button civil swimning grind
tpour buckle street through struggle stretch
oured - possible . tooth wonder poultry  outcome
rtend = building lusty pump ‘journey  kindly
lode trouble corner corn opposite thread
clina exert turn bluff * wretch frolic y
“ige  believe throw short taught ° bonds
serly  source protect DLeach slight recite '
roine devote defeat keeper curved pulse
thmus labor®  nerve. cement  pretty -~ swamp
sugh reserve - 'trim muddy oripgin . crust
‘tern.  hopeful . pulley bulletin behind. shelter
lvan penny - fortune stumble certairn choose
tly learn” thistle  improper shrink part o
osper screen  collar poverty promise - using
dious purse . esteem courage ' impulse folder
“lode  sketch shell bouquet current ceiling
lieve quietly broken stencil dismiss theme
»loin nischief feather purpose broader surprise
dar revolt clever heartily neglect butcher
“2n flying floor  question conc€it plowing
ndense precious summit ‘receive blunder shingle
iled similar benefit lesson  winter - ~trunk
“tify sullen listless towel = swallow 'scheme
~2gar grocery inquire . past bending  lumber '
*-try pottery definite. rugged  conguer Dbetween
iress tumble . chicken - weight . .praise describe’
tten spoil ticket  truck’ design distinet
i} 4 ideal = posture prompt  tinsel - merchant
oever _pledge  thrust region unionn offering
rgeon trust formal society pride - steeple
isten circle = hence mental follow think
-pter other become crest towver known
turn ease coffee - field 'sponge - relief
out solid = heroism press uphill purple
1b bound place ' shower = vessel mildly
ter flood courtesy geese policy ready
511 bright  pushing likely ' needle flour
ter . scene _story- custom  persist red
af £ office gulf title verse . spend
.em . help plume public - honor . whole
.sis enough . yellow ‘develop ' iInstant speech
‘eep howl blunt combine = flower worth

STOP. THIS IS END OF TEST.
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Do not look at this test until you are asked to do so.

35789462805
e 6312850394

6312850394

751497130631

_ 731497130681 -

S91137507

7573

B 1 &
347620 349820
hgsL kg5
45730483 k5710h5 :
37501243 . 375012h3
125093562816 125093562816
© gpson0723h ___ B3so10723%
34861890172 3&8617017_2 .
506915 _____ 596915
786071254329 . 86071255329
11345073 - 41345073
925660752 ___ 925660752
16719581023 . 16717581023
3965T0LTLS 3965701745
135299235126 _____ 135299235136
138gmhe 138971#2 .
BU215073506 ___ 8215073507
9u1856051194 ____ 941846031194
8041637 | —_— 667;.6 37
TO317493 ___ TO3LTAG3 .

35789462805

29127507

"N-24

28941

17906
16719581024
16719581024 _

396570171+6
135299235121
138971§3
84215073508 ______
941856031195 _.
8041638 _ .

TO3L74OL .
35789462806, 35789562806

6312850395 _____

T31497230632
591137508
21555&01284
11251373807
90314867150k
6879!;353108
37501235
125093562817 .
8350107235 -

Enter an X on the line bgtween the numbers that are not the same.

589414

'17906
| 1671958102&

B 16719581021;

‘ 36657017&6

135299235127

133971“5

8&216075508

——-—
ommarmc—
———
———-0
Coc—r
 a——

3#861890l7}"

- 506916

9&1856&51195_
Boulkz8

70317h9h

6312850755
31497130632
591167508

21553&0128&.‘

1251373507

9031u8671501+
6875&35&108 N
37501235

_ 125093562817

_ 8350107235
34861640173
506616

GO ON TO THE NEXT PAGE.



Enter an X onm the line between the numbers that are not the same.

639 ___
k714306
65382

. 7o
k3210575 ___
6182653905221
k3270105338 ____
27109816843
519’505
925&52170687
5705&31&.1
2570665292
32018591670 _____
S471075693

621532992551
24179830
70537051248

7361408
59&7130'(

508264987505
4930582136 ____
136031794137
705731195 _____
38210435512

639

4715306

65372

70

43210573
6182655905221

132761053538

27209816853
519605 .
9231&52170687
310543141
2570665202
32018691670
5h71075685
6215329925511
24179830 -
70537057248
7361708
39471507 -
508264987503
4930582136
136031794137
705736195
38210535512

N-25 STOP.

‘ 414982 —_—
60971
16253948

' h201’8591760
61‘7107569
721552992531

341798301 _

80557051248
593-1306 5811#91
‘ 8561!:081

415982

60971

16253948

~ 43018591760

D
—————
———
———
Smtet—

- 647107569
721582992531
341798701
80537051248 -
5911306581491
5361h08i ‘

Y ___'_»_ \ThTs0T
60826!;9875 —_ 608261;7875
5930582136 ___'_ 5730582136

23663179us7 e

. 80ST31195

.h8210h35512 -

405176841309
BOW53U9786

53210573 ____

‘ 715255590521

- 5327010538
37109816843

236031394137
805131195
h8210h35612
405176841300
80145349796
53210575
718265590521
5327010538

37189816843

619605

123452170687

619505
123452190687

THIS IS END OF TEST.

*U.S. GOVERNMENT PRINTING DFFICE: 1979 k121837757 1 7






